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The following notice h extracted from Professor 
Silliman^s Journal^ Vol. xi. No. 1. p. 98. 

« 

Appendix^ May 11^ 1826. 

I HAVE been just favoured with a copy of a memoir, 
by Mr. Marcus Bull, read before the American Philoso- 
phical Society of Philadelphia, April 7, 1826 — entitled: 

" Experiments to determine the comparative quantir 
ties of Heaty evolved in the combustion of the principal 
varieties of wood and coal^ used in the United States^ 
for Fuel; and also to determine the comparative quan- 
tities of Heat lost by the ordinary apparatus made use 
of for their combustion. ^^ 

This memoir is the result of a long course of experi- 
ments, evidently conducted with great care and skill. 
It is replete with interesting information, and is to be 
regarded as one of the most important contributions of 
science to the arts and to domestic economy, which has 
been made for a long time in this country. It is worthy 
of being carefully studied, both by scientific and practi- 
cal men, and for the sake of the latter class, it might be 
well if any analysis of this elaborate and detailed paper, 
presenting, in a lucid and concise form, the practical im- 
portant results which have been obtained by Mr. Bull- 
were prepared for extensive circulation. 
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PRELIMINARY REMARKS: 

Wilh observations and estimates, tending to mani- 
fest tfie importance of the subject treated of in the 
artnexed Essay. 

The annexed paper was read before the American 
Philosophical Society, April 7, 1826, and was pub- 
lished by them in May. 

From the acknowledged difficulty of obtaining 
rigid accuracy in researches, having for their object 
so subtle a principle as caloric; I had anticipated, 
that objections would probably be made, against 
some part of the apparatus employed in my experi- 
ments, tending to invalidate their results. 

Notwithstanding the severe examination to which 
my experiments have been subjected since their 
publication, the only objection urged against their 
accuracy, which may be considered as entitled to 
any serious attention, is, " that the surface of the walls 
of the exterior room, though the air in it be main- 
tained uniformly at one temperature, presents for 
the heat radiated from the surface of the interior 
room, a refrigrating medium of inconstant power; 
in consequence, of the varying temperature of the 
atmosphere:" or, in other words, that, " the jmr/acc 
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caiiuot be niRintaiucd at the same temperature ) 
the air in contact vulk it, during the ordina] 
changes hi the temperature of the atmosphei 
This objection I have recently subjected to the u 
rigid, and delicate test; and that at a period when t 
diflerence in the temperature of tlie atmosphere, and 
that of the room, was double in amount to any which 
occurred during my course of experiments ; using 
instruments, similar to those which have been em- 
ployed, to delect the existence of heat in the rays of 
the Moon, and with similar results, as to amount, 
there being no appreciable inconstancy discoverable 
in the refrigerating medium. These experiments 
were performed in the presence of a number of 
scientific gentlemen, who will if necessary, corrobo- 
rate the accuracy of this statement. 

To place the subject treated of in the following 
pages, in a more popular, and striking point of view, 
I have recently ascertained with as much accuracy 
as was practicable, the quantity and value of the 
different kinds of fuel, already brought to Pbiladel- 
' phia, to supply its consumption iu domestic economj, 
and for all other purposes, from March, 1 826, to 
March, 1827. The quantity of wood was ascer- 
tained from the official returns made to the City 
Treasurer, by the corders, upon the public landings, 
and also from the private accounts, and estimates of 
the corders upon all the other landings in the City 
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PRELIMINARY REMARKS. Vll 

and Liberties. The quantity of foreign c6al was 
obtained from the Custom House books, and that 
of the remaining coals, from the most authentic 
sources within my reach. 

Estimate of Wood and Coals, required for the consumption of 
Philadelphia, from March, 1826, to March, 1827. 

D. C. 

140,150 cords of Wood, average price .... 4 50 636,67'5. 

25,545 tons of, Lehigh and Schuylkill coal* at 7 GO 178,815./ 

320,000 bushels of Pine Charcoal „ 10 32,000. 

95,000 do. of Richmond Coal ...... 30 28,500. 

30,465 do. of Liverpool Coal „ 33 10,053.45 

8880,043,45 

The population of the City and Liberties of 
Philadelphia, at the present time, may be esti- 
mated at 125,000.1 By dividing the whole cost 
of fuel (880,043.45) by the number of inhabitants 
(125,000) we obtain S7.04 as the average cost of 
fuel for each inhabitant, supposing the consump- 
tion to be equal; but as this is not the case, it 
is not my intention to apply this calculation indi- 
vidually, but to large portions of the community. 

• ' . * . . ■ » 

Supposing each article to be sold at its • true 
comparative value, we may infer from the fore- 

* The whole quantity of cOal sent from these mines to Phila- 
delphia in 1826, was 47,545 tons, of which 22,000 tons were 
sent abroad. 

t The population of the city and liberties, by the census for 
1810 was 9£,24r, and for 1820, 108,116. 
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going calculation, that the quantity of fuel re. 
quired in Philadelphia, for every purpose^ would 
be nearly supplied by 125,000 tons of Lehigh or 
Schuylkill coal, or one ton for each inhabitant.* 
If we look prospectively to the early period, when 
these coals may be expected to be furnished at 
85 per ton, their substitution for other kinds of 
fuel, in all cases where it is practicable, will be- 
come a matter of general interest. 

The climate of Philadelphia is, perhaps, a fair 
average of that portion of the Atlantic States, 
from Maine to Georgia. If we suppose that its 
consumption and prices for fuel, are also fair ave- 
rages, for the inhabitants residing in those States, 
near tide water; we may extend our calculations 
with some degree of accuracy, beyond our own 
fire-sides. 

From the Census of the United States for 1 820> 
we find that the whole population was 9,638,226, 
a.nd that the Atlantic states from Maine to Geor- 
gia, both uiclusive, contained 7,15 1,959, of which 
number about 2^500,000 resided within ten miles 
of tide water. The same district of country may 
now be supposed to contain 3,OuO,000 of inhabi- 

* These coals, as broui^ht to ooarket, are probably of the same 
value in equal wei^iihts, ait))oug!i a sii.ht variatioti was found in 
my results, from the specimens experimented upon. 




tants* which multiplied by the cost of fuel for 
each inhiibitsiQt of Phihidelphia, (say 7 dollars) 
we obtain 21 millions of dolhirs, as the cost of 
fuel for these inhabitants, f^r one year. This por- 
tion of the United Htates, will, it is presumed, at 
no very distant period of time, be principally 
supplied with fuel from the coalmines of Penn- 
sylvania, and at an estimate of one half the re- 
quired quantity, will consume 1,500,000 tons, an- 
nually: wbicb at S5 will amount to 87,500,000. 
If we suppose the United States to have 
increased 20 per cent, since 182U, they con- 
tain at the present time 11.565,871, inhabitants, 
and if we estimate the cost of fuel for the remain- 
ing 8, 565,871, at S3,50foreachper&oii,these num- 
bers being multiplied by each other, we obtain 
829,980,548, which bein^c added to the 21,000,000 
as the cost for the 3 millions before stated, we 
have an aggregate cost of 850,980,548 for (he 
fuel consumed in the United States, for all pur- 
poses, during one year. 

" I find by calculation from the enumerations in 1790, 1800, 
1810, and 1820, that the rate of increase between those periods, 
was as followfl. From 1790 to 1800, 35 per cent.. 1800 to 1810, 
36.4 per cent., 1310 to 1820, 33.1 per cent.; at which latter rate 
from 1820 to 1826 inclusive, gives 19.8 per cent., say 20 per 
cent., or an increase of 500,000 inhabitants in 2,500,000, luakios 
an aggregate of 3,000,000 as above stated. 



The following statement of the consumption 
of Fuel in London, and its environ§, for one Tear, 
is made for the |>ur}»o»ie of coinparing it with the 
consumption of rtiiladt-lphiat >n the propordoD 
of their respective population. 

Krom an oflicial account, it appear<i, that there 
were imported into London during the year 1 824, 
1^05,021 chaidrons of coal,.to i^npply the con- 
sumption of Ijondon nnd its environs, which at 
that time were estimated to contain 1,500,000 in- 
habitants. This quantity gives very nearly one 
chaldron, or 3<3 husheU, of New Castle coahi (ave- 
rage coBt48 shillings, or 8i0.67) for each person; 
and the quantity of heat evolved from the com- 
bustion of which, i^ only equal to that from 20 
bushels of I^ehigh coid. Now we find that In 
Philadelphia about one too, or ;;8 bushels of Le- 
high coal, may be estimated to be required for 
each persou ; the proportion therefore between 
the two places for each inhabitant, in quanti^, 
is as 20 ti) 28, and in cost, as 10.«7 to 7.04. The 
discrepance in the quantity, may bo attributed to 
the milder climate of London during the winter 
iteason, and to the greater frugality of its inhabi- 
tants, in the use of fuel, both lu the arts, and in 
doute.slic economy. 

Philadelphia, January 1, 1827. 
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Experiments to determine the comparative quantities 
of Heat evolved in the combustion of the principal 
varieties of Wood and Coal used for Fuel^ in the 
United States ; and^ ako^ to determine the com^ 
parative quantities of Heat lost by the ordinary 
apparatus made use of for their combustion. 

The experiments on fuel detailed in the following 
paper, were commenced in November, 1823, and 
were prosecuted with very little cessation, until 
June, 1824; when, in consequence of absence, to- 
gether with subsequent ill health, they were sus- 
pended until May, 1825, when they were again 
resumed with undiminished interest, and have been 
continued, as circumstances would permit, from 
that period to the present. 



^ ON THE HEAT EVOLVED 

During the latter of these periods, I was under 
the necessity of repeating those experiments which 
had been previously made, in consequence of a de- 
fect discovered in a part of the appM'atus, the re- 
moval of which, was found to change the results ; 
still, it was very satisfactory to find that the varia- 
tion was, in every instance, directly proportional to 
the results which had been formerly obtained. 

The experiments to determine the comparative 
loss of heat sustained by using apparatus of different 
constructions for the combustion of fuel, appeared 
to be equally necessary with those to determine its 
comparative efficiency. 

To Professors Hare and Patterson of the Univer- 
sity of Pennsylvania, I am under obligations for 
their kind assistance in my experiments, and it gives 
me great pleasure to have an opportunity thus pub- 
licly to tender tliem my acknowledgments. 

The importance of those experiments, which have 
for their object the promotion of the useful arts and 
sciences, or an improvement in the domestic econo- 
my of society, by which our comforts may be in- 
creased, is generally admitted. 

In a climate like that of the United States, where, 
during two-thirds of the year, fires are indispensable 
to human comfort, and where, consequently, the 
savings of a large portion of the poor, during the 
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summer, are often inadequate to purchase a sufficient 
supply of fuel for the winter ; it must, obviously, 
be highly important to ascertain, the comparative 
efficiency of different kinds of fuel ; as, without 
this knowledge,||those who are desirous of econo- 
mising, may be prodigal through ignorance. 

The knowledge of the comparative heat disen- 
gaged in the combustion of the different varieties 
of wood and coal, is also important in various pro- 
cesses in the arts, aud it is believed that Ihe results 
of my experiraenLs will be found worthy of attention, 
in a philosophical point of view. 

Previously to describing my apparatus or experi- 
ments, it will be proper to notice those of some of 
my predecessors, as, in the investigation of this sub- 
ject, no small degree of inaccuracy appears to have 
prevailed, even among experimenters of high cha- 
racter. 

My remarks cannot be better prefaced, than by 
making use of the following extract from Dr. Ure, 
on the subject of combustion. 

"Lavoisier, Crawford, Dalton, and Rumford, in 
succession, made experiments to determine the 
quantity of heat evolved in the combustion of va- 
rious bodies. The apparatus used by the last was 
perfectly simple, and perhaps the most precise of 
the whole. The heat was conducted by flattened 
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pipes of metal, into the heart of a body of water, 
and was measured by the temperature imparted." 

From the general table of results, it is only ne- 
cessary for me to extract two, to show the force of 
the succeeding remark. 



Subiitances burned, 
one pound. 


Ice melted in pounds. 


Lavoisier. 


Crawford. 


Dalton. 


Rumford. 


Olive oil. 
Charcoal. 


149 
96.5 


89 
69 


104 
40 


94.07 



"The discrepancies in the preceding tabic, are 
sufficient to show the necessity of new experiments 
on the subject." 

As the experiments of M. Lavoisier, Dr. Craw- 
ford, and Mr. Dalton, did not comprise any article 
of fuel excepting charcoal, a more particular notice 
of them would be irrelevant to my purpose. 

The experiments of Count Rumford, to determine 

■ 

the quantity of heat evolved in the combustion of. 
different woods, will alone be examined. In his 
very just remarks, he says, "Many persons have 
already endeavoured to determine the relative quan- 
tities of heat furnished by wood and charcoal in 
their combustion; but the results of their inquiries 
have not been satisfactory. 

Their apparatus has been too imperfect, not to 
leave vast incertitude in the conclusions drawn from 
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their investigations. Indeed, the subject is so intri- 
cate Jn itself^ that with the best instruments, the 
utmost care is requisite, lest, after much labour, the 
inquirer should be forced to content himself with 
approximations instead of accurate results, and valua- 
tions, strictly determined. 

All woods contain much moisture, even when 
apparently very dry ; and, as the persons alluded to 
have neglected to determine the quantities of abso- 
lutely dry wood, burned by them, much uncertainty 
prevails in the results of all their experiments. 
Another source of uncertainty, lies in the great 
quantity of heat suffered to escape with the smoke 
and other products of the combustion."* Again,t 
" attempts have been long ago made, to measure the 
heat that is developed in the combustion of, inflam- 
mable substances; but the results of the experi- 
ments have been so contradictory, and the methods 
employed so little calculated to inspire, confidence, 
that the undertaking is justly considered as very 
little advanced. I had attempted it at three differ- 
ent times within these twenty years, but without 
success. After having made a great number- of 
experiments vnth the most scrupulous care, vnth 
apparatus on which I ha(jl long reflected, and after- 

* Nicholson's Journal, XXXV. 105. 
t Ibid- XXXn. 105. 
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wards caused to be executed by skilful workmen^ 
I had found nothing, however, that appeared to me 
sufficiently decisive to deserve to be made public. 
A large apparatus in copper, more than twelve feet 
long, which I had made at Munich fifteen years ago, 
and another scarcely less expensive, made at Paris 
four years ago, which I have still in my laboratory,^ 
attest the desire I have long entertained, of finding 
the means of elucidatihg a question that has slvrays 
appeared to me of great importance, both with re- 
gard to the sciences and to the arts. At length, 
however, I have the satisfaction of announcing to 
the class, that, after all my fruitless attempts, I have 
discovered a very simple method of measuring the 
h^t manifested in combu^ion, and, this even with 
such precision, as leaves nothing to be desired." 

It will not be necessary to describe the Caloric 
meter used by Count Rumford, more particularly, 
than to, say,. that it consists of a small copper re- 
ceiver containing water. In the inside is a, flat 
worm, also made of copper, bent so as to pass hori- 
zontally three times from one end of the receiver to 
the other. This worm passes down through an 
aperture in the bottom, near one end of the re* 
ceiver, to which it is soldered ; and the other ex- 
tremity of the worm passes through the opposite 
end of the receiver. A thermometer is introduced 
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into the water contained in the receiver ; the woods, 
in thick shavings, and other comhuatible bodies, are 
consumed in the mouth or bottom of the worm, 
and the heat evolved in the combustion, is imparted 
to the water during its passage through the worm. 

The experiments consisted in elevating the tem- 
perature of the water in the receiver 10°, commenc- 
ing at 5° below, and finishing at 5° above the tem- 
perature of the room; and the comparison was made 
between the weights of different ai'ticlcs required 
to be consumed to produce this effect, without regard 
to time. ' 

The quantity of wood consumed, varied from 59 
to 1 1 1 grains in each experiment. 

Upon these experiments it is necessai-y to remark, 
that the passage of the mercury from 1 to 10° on 
the scale of the thermometer, can scarcely be sup- 
posed to have been performed in ail the experiments 
in equal periods of time ; and, since the water would 
require unequal increments of heat in equal times, 
to counterbalance its unequal decremeuts, and, pos- 
sessing, as it does, different capacities for heat at 
different temperatures, consequently, a very slight 
inequality in point of time, in elevating the mercury 
between the several degrees, would materially affect 
the results of experiments in which only a few 
grains of the combustible were consumed. 



J 



8 ON THE HEAT EVOLVED 

To these causes, and the absence of proper means 
to take advantage of the heat produced in the com- 
bnstion of the carbon contained in the woods, may 
be attributed the inaccuracy of Count Rumford's 
results J as he states some of the w^oods to evolve, 
by the combustion of equal weights, 64 per cent 
more heat than others ; whereas, the results of my 
es^riments on forty-six varieties of wood, in equal 
weights, give the extremes of difference as only 1 1 
percent 

The result from charcoal is not given in the table, 
but the Count says, that " The dry vegetable iBiesh 
of wood, produces more heat in its combustion, than 
an equal weight of dry charcoal.'** 

By the expression "dry vegetable flesh," the Count 
means to indicate that portion of dry wood which 
is inflammable, or that part which is independent 
of the charcoal. Now I find, by the most favoura- 
ble comparison for this portion of the wood, that 
an equal weight of dry charcoal, produces 286 per 
cent, more heat than the former, and by the least 
favourable comparison, 314 per cent, more, giving 

m ■ 

a mean difference of 300 per cent, in favour of the 
charcoal. 

It will be proper to state what has been consi- 

» Nicholson's Journal, XXXV. 112. 
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dered as essential requisites to the perfection of the 
apparatus, that, as the description proceeds, the de- 
gree of accuracy wbiqh it is likely to possess, may, 
with greater facflity be determined ; and iMs will be 
done under three heads, with explanatory remarks. 

1st. That the ^uj^ralus in which the combustion 
is^oduoed^ be so constmcted^ that aU^ or an equal 
proportion of all the heat generaied^ may be measured 
bjfsome umbqnging staiyiard. * 

This is effected in a qianner to be hereafter more 
particularly.described, but it may now be sufficiently 
understood, by referring to the plate, in which the 
apparatus and the interior of the room, eonstructed 
for performing the experiments, are shown in per- 
spective. At E is a thermometer, the bulb of which 
is in the centre of the stove-pipe,, and another. Fig. 
6, is suspended from the side wall of the room. 

When articles are submitted to combustion in the 
stove, the heat is so completely given out by the 
pipe, that these two thermometers, indicate exactly 
the same degree of temperature. 

Strictly speaking, we cannot say even in this, case, 
that all the heat generated is imparted to the air bf , 
the room. That small portion which is included 
in the air of the pipe, and passes off into the chim^ 
ney, does not impart its heat to the sdr of the room, 
both being of the same temperature, consequently. 
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no interchange of heat can take place between them. 
We may consider this escape of heat, however, 
in the same point of light as we do that which is 
conducted off by the surface of every other part of 
the room, with .this difference — ^that this particular 
mrfaee of two inches diameter^ conveys niore heat in a 
given time^ than any. other equal surface ; but as this 
difference is uniform in all the experiments, we may 
say, comparatively;, that there is no lass of heat, as 
it is the ratio^ and not the positive quantity of heat 
disengaged, which we wish to discover. 

Sd. That the recipient body be ahcays affeded 
equally by the communication of the same heat. 

Air has been selected as the recipient body, be- 
cause we are enabled by a thermometer to measure 
with accuracy the heat communicated to it; and 
because it varies very little in its specific heat, under 
the ordinary changes of barometric pressure, and its 
hygrometric changes may be readily counteracted. 

3. That the surrounding refrigerating medium 
be permanent at any required temperature. 

In consequence of the variations in the tempera- 
ture of the atmosphere, not only daily, but in dif- 
ferent parts of the same day, to devise a plan which 
should strictly comply vrith this requisition, was a 
subject which caused me much reflection and per- 
plexity. The room selected for my experiments, 
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Was well calculated, in every respect, (except the 
window,) to prevent an immediate iniluence being 
produced in its temperature, by the ordinary exter- 
nal changes. The window being large, I deter- 
mined to close it entirely, and to perform my 
experiments by lamp light, and it was, accordingly 
perfectly closed on the inside of the room, with 
boards, which were well seasoned, and grooved to- 
gether, leaving a space of four inches between this 
barricade and the sashes of the window. This 
space being occupied with confined air^ was a bad 
conductor of heat. Finding it inconvenient, and 
objectionable in other respects, to experiment with 
artificial light, a sash with four panes of glass was 
subsequently inserted in this barricade, for the ad- 
mission of light. Every part of the room was then 
inediE> as tight as possible, and to furnish it with the 
necessary supply of air, of equal temperature, a 
pipe with a valve was inserted through a partition 
into an adjoiniug room, the temperature of which 
was necessarily maintained very uniform, for the 
purposes to which it was applied. Having spent 
nearly four months of application in perfecting my 
apparatus, and removing difficulties which presented 
themselves at the threshold of every stage of the 
investigation, and feeling desirous to avail myself of 
any improvements which might be suggested to me, 
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either in the apparatus, or the intended plan of coi»^ 
ducting the experiments, I invited several gentlemen 
to examine it for that purpose, and among them, 
Dr. Hare, professor of chemistry in the University 
of Pennsylvania. > 

The method which had been adopted, as described, 
to comply with the last requisition, did not appear 
to Dr. Hare to possess that degree of accuracy which 
was necessary, nor did it equal that which every 
other part of the apparatus, together with the in- 
tended plan of conducting the experiments, as de- 
scribed to him, appeared to possess. Dr. Hare 
stated to me, that, '' he had long been under the 
impression, that no accurate comparison could be 
made by means of the same single room heated ai 
different times, with difTerent fuel, on account of 
the varying temperature of the weather; not by 
different rooms at the same time, from the difficulty 
of finding two rooms sufficiently alike, in form, as- 
pect, size, and materials. It seemed to him indis- 
pensable, to have one room within another, so that^ 
in the interval, a uniformity of temperature might 
be artificially sustained." As the method suggested 
by Dr. Hare, would remove this difficulty with 
which I had unsuccessfully contended, no time 
was lost in making a practical application of his 
suggestion, and a, room of smaller dimensions was 
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in consequence constructed within that origi- 
nally intended for my experiments, in the best 
manner which my architect could devise ; by 
which a free circulation of air is produced on all 
the exterior surfaces of the interior room, and 
this air may be sustained of a uniform tempera- 
ture. 

A description of the appariattus, plan of theiex- 
periments, andth^ manner of experimenting, AviU 
now be detailed; 

In a room with a floor of about eleven feet by 
fourteen, and nine and %, half feet in height^ 
another room is construc^ted, eight feet square 
in the clear, its content being 512 cubic feet» 
The plate represents the interior of this room in 
perspectiyfe, and as these rooms may now be 
considered as distinct, I shall, for convenience, 
designate them by the name* of interior and 
exterior. . v^ ^^ 

The frame of the interior room is composed 
of scantling, three inches by four. The ends of 
the posts, and top and bottom rails, have mortises, 
with tenons passing through them, of sufficient 
length to project about four inches, and, in the 
projecting* part of the tenons, are transverse 
mortises for wedges, by which the frame is drawn 
firmly together. The floor is supported by two 
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cross pieces of scantling, and the posts and railH 
are grooved through the centre, to receive boards 
one inch in the clear, v^ith which the rooni is 
enclosed. The hoanls are also grooved together 
in the most perfect manner, so that the wedges 
(there being no nails used excepting about the 
door and window) will draw every part of the 
room tight, and coiTcct, with great facility, any 
shrinking of the boards duruig the process of 
seasoning, which it was necessary to perfect, pre- 
vious to any experiments being made. 

The interior is supported by its four posts, six 
inches from the floor of the exterior room, there 
being the same distance between the ceilings, and 
a much greater between the side walls, the air 
therefore circulates freely between the two rooms* 
The internal surl^ices of the interior room are 
made as white as possible with lime-wash,'to pro- 
duce equality in their power of conducting heat. 
The body of the stove. Fig. 1., is a cylinder, twelve 
inches in height, and four inches diameter; the 
ash pit is four inches deep, and four inches in 
diameter; both are made of. common sheet iron, . 
and separate, for the purpose of introducinajie- 
tween them, a chamber, or concave piece of 
sheet iron, of larger dimensions, perforated with 
holes half an inch in diameter ; and on this cham- 
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ber the body of the stove rests, as ^vill be seen, 
by referring to the enlarged sectional yiew on 
the plate, Fig. 2. Three inches above this 
chamber 4S another, closely fitted witliin the body 
of the stove, and perforated witli holes one quar-* 
ter of an inch in diameter. The interior of the 
body of the stove above, is made to 9,ssume the 
conical .shape -which it presents, with the apex 
downwards, by coating it with fire clay, so as to 
expose only one an^d a half inches diameter of 
the surface of the chamber, and on . which the 
fuel rest9. The space between the chambers is 
necessary in experimentiiig on anthracite coal$ 
in small quantities, for the purpose of heating the 
air as mjich as possible before it c.ome^ in contact 
with the burning body, and the clay coating is 
also necessary in the same experiments, to act 
as a non-conductor. The stove. Fig. i., is sup- 
plied with air through apertures just above the 
ash pit, or lower door, and tQ lessen, or close 
these apertures, a sliding sheet. iron. hoop, (not 
shown in the engraving,) is fitted with great ac- 
curacy. The middle door is necessary, to obtain 
access to the upper chamber when its apertures 
require clearing, during an experiment. For 
heating water, a in vessel tin tjhe shape of a cres- 
cent, rests on cleats, between .t]ie upper anjl.mid- 
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die doors. This vessel is accurately fitted to the 

hody of the stove, but may he removed to any 
required distance, ut pleasure ; and we maj 

thereby lessen the evaporation of the .water, its 

object being to regulate the hygrometric state of 

the air. 

All the doors of the stove are represented as 
open. The upper door is to admit the fueL The 
cone, leading from the body of the stove to tho 
pipe, is ten inches long, and very accurately 
fitted to the former, but removable for the pur- 
pose of separating them, to take from the stove 
and ash pit, the imconsumed parts of any body, 
that may have been experimented upon. This 
is done with facility, as the pipe is supported 
from the ceiling, by wires which sustain it in its 
place, after the hody of the stove is removed. 

In the cone, three quarters of an incli above 
its junction with the body of the stove, (which in 
this place is made flat,) is an aperture one inch 
broad, and one and a quarter inches long, which 
is covered with a thin plate of mica, resting on a 
flange, or ledge, and kept in its place by a wire 
passing round the cone. Through this plate of 
mica, the fire may be seen, thereby avoiding the 
necessity of opening the upper door for the pur- 
pose of examination. 
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The pipe is two inches diameter, and made of 
extra thin black tin, to impart the heat to the air 
of the room with the least possible obstruction* 
The elbow joints are each nine inches long. The 
whole length of the pipe is forty-two feet; and 
this was found insufficient to impart to the air 
of the room all the heat generated, there being 
a loss of 3^5 until the tin box, A, was attached to 
the pipe hear its extremity. This box is fourteen 
inches long, ten inches broad; and Iths of an inch 
deep, and its interior and exterior surfaces are 
made black. In passing through this box, the 
warm air is exposed to a much larger surface 
than that presented by the pipe, and the few 
degrees of heat which it before contained, are by 
this means imparted to the air of the room.' 

The joints of the pipe are perfectly closed by 
clay lute, and its whole exterior Surface is cover- 
ed with a thin coat of dead black varnish, made 
to resist heat. 

The valves B, C, D, to regulate the admission 
of air into the stove, are all of the same construc- 
tion, being circular pieces of flat thick sheet iron, 
very accurately adjusted, to close the interior of 
the pipe.^ Fig* 3, represents a side view of the 
valve B, standing entirely open. The wire to 
which it is firmly rivited, crosses, the centre of 
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the valve, and passes through the pipe. This 
end of the wire serves as one of the pivots for the 
valve to turn upon, and the other end, being 
bent into a half circle, is used both as the handle 
to turn the valve, and as an index to regulate it. 
The point of this enters the graduated holes in 
the dial ; Fig. 4., which is a front view, and is 
riveted to the exterior of the pipe, being the half 
of a circle of flat sheet iron, whose whole diame- 
ter is equal to that of the pipe. The handle is 
bent to correspond exactly with the flat surface 
of the valve, by which the situation of the handle 
indicates the position of the valve inside of the 
pipe, so that no mistake can occur in its use. 

Being well aware that the experiments could 
not be accurately performed, unless the operator 
should at all times possess a perfect control over 
the burning body; it became necessary after 
attaching^the box, A, to insert the cross pipe with 
the valve D, by which the current of air through 
the stove may, in an instant, be placed at its 
maximum in quantity and velocity, if permitted 
to pass through this cross pipe, in place of pass- 
ing through the shallow box A. 

This passage is useful when igniting anthra- 
cite coal, in which process, the coal, as well as 
all other combustible bodies, require to be heated 
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to a certaiu temperature before they will ignite, 
during which process, heat being absorbed, and 
not disengaged, if care be taken to close this 
valve in proper time, none is lost. As tliis re- 
quired temperature. differs not only in different 
bodies, and in tJie different component parts of 
§ome bodies, but is specific, for each, it may for 
convenience, be termed theii* heat of ignition or 
accension. 

This passage is also useful in some experi- 
ments, to give a momentary impulse to the 
inflammation, of certain bodies, and cannot be dis- 
pensed with without great loss of time, in heat- 
ing the room to its proper temperature, before 
commencing an experiment. 

Considerable difficulty was experienced in 
getting the valves and their appendages made 
with sufficient accuracy, but wlien done, as half 
of the arc of each dial is divided into twenty 
equal parts, it will be perceived that the current 
of air to supply the body in combustion, can be 
regulated with great precision. 

The valve B, is particularly useful to stop at 
a proper time the combustion of those bodies, 
which it is known cannot be wholly consumed 
in the stove, and tliis is done almost instantane- 
ously by closing this valve, and sliding down the 
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hoop wMeh coyers the apertures for the admis- 
sion of air. 

The pipe passes through the side wall into 
the chimney of the exterior room. Near the 
end of the pipe, within the.inti>irior room, is an 
aperture of sufficient size to admit the bulb of 
the thermometer £, and this aperture is closed 
by a tin plate closely fitted to the stem of the 
thermometer. This plate is curved to fit the 
pipe, and is of sufficient size to cover the aper* 
ture, and rest upon the pipe. The bulb of ti^e 
thermometer is suspended in the centre of the 
pipe, by the brass scale being made shorter than 
usual, and resting on the tin plate, which is secur- 
ed in its place bya small quantity of cUy lute. This 
thermometer is used to measure the temperature 
of the air within the pipe, previous to its passing 
into the chimney ; and as I have never found the 
bulb discoloured by the carbonaceous partides 
in the smoke, and thereby rendered more sensi- 
ble, as it was feared would be the case, I am 
induced to think very little ever readies it, hiding 
previously deposited in the pipe. 

Fig. 6, is another mercurial thermometer, sus- 
pended from the side wall of the room. Both 
these were made expressly for my experiments, 
and to correspond in their scales (which are 
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Falireiiliftit's) witli the greatest possible accura- 
cy. The thermometer, Fig. 6, is used to mea- 
sui*e the temperature of the air in the room, and 
is placed on a line with that io the pipe, at twelve 
inches distance. The hulb is screened by a piece 
of bright planished tin, to prevent the influence 
of heat radiated from any part of the stove or pipe, 
whilst it does not prevent a free access of t!ie air 
in the room, to the bulb of the thermometer. 

Fig. 7, is Mr. Leslie's differential thermome- 
ter, one half of which is passed through an aper- 
ture ill the board piirtition into the exterior room, 
and is secured in its place by a divided coi-k, 
which encircles a part of tbo syphon at the bot- 
tom of the instrument, and closes the aperture. 
Both bulbs are perfectly screene<l by large pieces 
of bright planished tin, not shown in the engrav- 
ing, Tliis instrument, as its name denotes, mea- 
sures only the difference of temperature in the 
two rooms, and as it does this with peculiar de- 
licacy, it is admii'ably adapted to my purpose, the 
accuracy of my experiments dependuigin a great 
measure on the uniform difference of tempera- 
ture in the two rooms ; and I am under obli- 
gations to its inventor, and also, to Dr. Hare, as 
it was in consequence of the suggestion of tlie 
latter gentleman, tliat tliis iustniment was added 
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to mj apparatus ; its peculiar applicability to my 
experiments not having previously occurred to 
me. 

The differential thermometer used in my ex- 
periments, indicated 20^, to 1° of the mercurial 
thermometers, and, as one of the bulbs is situat- 
ed in the interior room, it can only be operated 
upon by the temperature of that room ; the other 
bulb being in the exterior room, can only be 
operated upon by the temperature of the latter 
room ; consequently, any change of temperature 
in either will be shoiva on the scale, the instru- 
ment having been adjusted with great care, so 
that the top of the tinged liquor will stand at 50% 
when there is a difference of 10^ between tho 
mercurial thermometers placed in the two rooms ; 
and from its superior sensibility in detecting iu- 
eipient changes, the differential tliermometer 
may almost be said to* possess the power of divir 
nation^ whereby the ojierator receives timely* 
notice to avoid any essential error. 

Fig. 5, is a tin supply pipe, two inches in dia- 
mx^ter. This passes through the floor in a pei^ 
pendicular direction, and has an elbow joint 
opening towards the stove. It has a valve to 
regulate the quantity of air found necessary to 
be admitted into the room for the purposes of 
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respiratioD, and to support the combustion in the 
stove. Tliis valve when once adjusted, remained 
the same through all the experiments. Whether 
the precise quantity of aii* necessary for the res- 
pii'ation of the operator, and to support the com- 
bustion, is admitted by this pipe, or an excessj 
its temperature being the same, and the stove 
being supposed always to be supplied mth aiv 
at the temperature of the interior room, and to 
require about the same quantity during any given 
period of two or more experiments, the air ad- 
mitted being also of eqifal volume, its velocity 
will he the same under all changes of barometric 
pressure; consequently, the reduction of the 
temperature of the air in the room may be sup- 
posed to be the same ^luring the time required 
to perform each experiment, with the exception 
of an immaterial variation in its specific heat, to_ 
be hereafter noticed; and, the results of the ex- 
periments cannot be affected by tlie admission 
of an excess of air, they being, as before stated, 
founded on the comparative, aiid not the positive 
qitantity of heat evolved. 

At Fig. 8, is a hygrometer made of the beard 

of tlie wild oat, enclosed in a small brass case, 

and covered with glass. This is used to mea- 

■ sure the humidity of the air, which, like all other 
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bodies, possesses different condocdni^ powen 
as its liygrometric state raries, br which its spe- 
cific heat or capacity for absorbinj^ caloric is in- 
creased or diminbhed ; those bodies which, con- 
tain moisture being better conductors than the 
same bodies when dry. The comparatiTe capa- 
cities of water and dry air, are, as 1.000 to 266, 
by the experiments ot M3I. Delaroche and Be^ 
rai-d. From Sanssenr^s experiments, it appears, 
however, that the quantity of aff]ueous rapour 
attracted by the air of the atmosphere, when at 
65^ of Fahrenheit, is Very small ; a cubic foot of 
air rcrjuiring not more than eleven or twelve 
{^ins to bring it from the state of perfect dry- 
ness, to that of extreme moisture. 

Now, as the various sides of the room are the 
ccmdncting media by which die heat generated 
jn the room is dissipated, and as these sides are 
in contact with the ak* of the room, and must in 
some degree be influenced by its hygrometrie 
state, they will, consequently, become more or 
IcHS powerful conductors, as this varies To pro- 
duce a uniformity in this respect, I have, by the 
aid of this instrument, and of the water contained 
ju tlio tin vessel before described, taken care to 
keep the air of the interior room in the sameby- 
grometric state, during the various experiments. 
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The barometer at Pig. 9, requires bo description, 
and is not considered an essential appendage to my 
apparatus^ although convenient as a check lipon the 
valves; not, however, on the common supposition 
that the velocity of the current of air through thfe 
stove is 'greater under one pressure than another, 
cddteris paribus^ but that its quantity varies with its' 
density, more being contained in the same volume 
at one pressure than at another. * ' 

The results of MM. Clement and Desorihes' 
experiment!? on gases, to determine their spedjw 
heatSydt different densities, show that the specific 
heat of atmospheric air does not vary more than 
.02, between 29.5 and 30.5 inches of barometric 
pressure. These being the extremes during my ex- 
periments, the difference of heat required to maintain 
the temperature of the air between any two iexperi- 
ments, cannot materially affect their" results, and 
for > this variation no correction has been thought 
necessary.^ 

Having described the construction of the interior 
room, and its apparatus, it remains' to describe the 
exterior room, which has a capacity of 860 cubic 
feet, after deducting 542 feet for the space occupied 
by the interior jpoom, and the materials of which it 
is, composed. This room has a southern aspect, and 
is defended from the west winds by a building pror 

B 
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jectiog beyond it ten feet south. It has one window, 
with blinds on tlie outside, to exclude, when neces- 
sary, th^ rays of the sun ; the east and south walls 
are of brick, and are ten inches in thickness ; the 
remaining two are partitions of lath and .plaster, 
four and a half inches thick, and separate between 
a passage on the west, and a room on the north* 
The chimney is in the east wall. A small stove is 
placed in this room, the pipe of which passes through 
the fire-board. A mercurial thermometer, to mea- 
sure the temperature of the air, is placed in a con- 
venient situation, on a line with those in the interior 
room, and on a table an accurate balance is suspended, 
to weigh the articles which are to be subjected to 
experiment. 

The plan of the experiments will next be de- 
scribed. 

Equal quantities are taken of each article by 
weight, previously made absolutely dry ; by which 
is to be understood, that state -of deprivation of 
' moisture manifested when no xliminution in weight 
can be effected by the heat ol a stove at 250° of 
Fahrenheit. 

It is required to determine the length of time 
which the combustion of each article will maintain 
the temperature of the interior room 10° higher 
than that of the exterior ; and the time that the 
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interior roqm is thus maintained by any article, 
gives its tru^ relative h^ when compared with 
the time which any other article has maintained 
the room at the same difference of temperature. 
As the temperature of the air in both rooms is sup- 
posed to remain stationary^ the ineremients and de- 
crements of heat will therefore be equal in equal 
periods of time, in ^1 the experiments^ and thus the 
objections madeagainst the j9/an of Cpimt Rumford's 
experiments are considered as obviated. 

The manner of experimenting is as follows: 
* The first step to be taken, by the operator, is to 
produce the required difference of 10° between the 
interior and exterior rooms, and to arrange the coin- 
cident circumstances necessary for its perpetuation. 

As no artificial refrigerating means can, with 
convenience, be made use of to depress the tempera- 
ture of the, exterior room below that of the atmo*- 
sphere^ it becomes necessary that the temperature qf 
this room shall, in. the first instance, be higher than 
any elevation which will occur in the temperature 
of the atmosphere during an experiment, otherwise 
the experiment must fail. 

During the many trials of the apparatus in order 
to become familiar with its use, and , to lessen the 
great difficulty experienced in maintaining the uni- 
form difference of tjemperature required . between 
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the interior and exterior rooms, the following inci<^ 
dent occurred, hy which this difficulty was entirely 
obviated. 

In the month of June, an unusual depression in 
the temperature of the atmosphere had taken place 
during the night seasoni, in consequence of which 
the temperature of the exterior room was: found on 
the jfoUowing njioming to be 20° above that of the 
atmosphere. Having been previously obliged to 
experiment at very high and uncomfortable temper 
ratures, in coni?equence of the heat of the weather, 
a^d presuming that this depression would be tran^ 
sient,- and . as my assistant, who attended to the 
exterior room, was absent, no increase was made in 
its temperature, as had formerly been done imder 
similar circumstances. The temperature of the 
interior room was elevated,Jwithout previous calcu- 
lation, 15° above that of the exterior room, at, the 
period of commencement^ during this operation, 
the thermometer in the exterior room h?id not been 
observed, but on examination, the difference was 
found to be precisely 10° between the two rooms ;. 
considering it, however, as a fortuitous occurrence, 
no investigation of the cause was at that time en- 
tered into. The trial experiment was commenced 
under a firm belief that the differential thermometer 
would give immediate notice that the temperature 
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of the exterior room required correction, but^ to 
my astonishment, the diflferential thermometer was 
found to vary less than usual, and after a lapse of * 
three hours, although the temperature t)f the atmor 
sphere was found to have been elevated. 12°, the 
temperature of liie exterior roo];n remained stationa- 
ry^ and continued so until the completion of the 
experiment. 

No time was then lost in attempting to discover 
the cause by which an effect so desirable had been 
produced, and when examined, it became a matter 
of surprise that it had not previously been disco- 
vered by calculation and experiment, rather than by * 
accident. It may be explained in the following 
manner: * 

The interior room contains^ 512, and the exterior 
860 cubic feet of air. As the heat necessary to 
elevate 512 cubic feet of air 15°, is gradually trans- 
ferred to 860 cuWc feet, consequently, it must in- 
crease its temperature so long as its increments are 
greater than its decrements,. and should, by calcu- 
lation, c«/m«j)an6fi5, augment it nearly 9°, instead 
of 5° , as was found to be the case ; but as the ex- 
terior room presents very nearly double the conduct- 
ing surface, this will account for the difference* 

When the temperature of the interibr room was 
thus.elevated 15°, the exterior was consequently ele- 
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vated 5^, by \^hich the required difference of 10° 
was produced, and the temperature of the exterior 
room then became stationary^ that being the pre- 
cise point at* which the increments and decrements 
of heat were equal in the air of both rooms. 

The manner of producing this important result . 
under known circumstances, being established^ the 
operator has only to seek for the same result in a 
different place, under an unknown or known differ- 
ence of circumstances. As the surface of the win.- 
dow (the barricade having been removed) is the only 
part of the exterior room which can be speedily 
operated upon by the ordinary changes of the at- 
mosphere, the temperature of the room, must there- 
fore, fronr its situation, and the nature of its walls, 
change very little ; if, however, during an experi- 
ment, any indication of an increase in its tempera- 
* ture ' is observed, the upper sash in the window, 
which is suspended with weights, is lowered the 
required distance to correct it ; but if decreasing, a 
fire of wood can be immediately kindled in the 
stove, a lamp being kept burhing in this room for 
the purpose, although never required but in two 
instances during my experiments. 

The required difference of temperature be- 
tween the two rooms being adjusted, it is main- 
tained for about half an hour by burning .dry 
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charcoal. The article to be subjectjed to experi- 
ment is then accurately weighed, and if it is 

% 

% 

wood, the unconsumed charcoal is wholly remov* 
from the stove hy a small pair of tongs, and de- 
posited in another room, and the wood which is 
used in pieces two inches long, and from one 
quarter to one half of an inch thick, is ignited 
by the flame of a lamp ; but if it "is any of the 
species of coal which cannot be ignited per «e, ^ 
the burning charcoal is taken from the stoye and 
weighed, and its quantity either increased or di** 
minished so as to make half an ounce, which is • 
quickly returned to the store, and on my notes, 
the name of the article, its quantity, and the time^ 
by an accurate watch, are then set down, together 
with.the state of the thenonometers, the barome- 
ter, and hygrometer. . The lieights of the ther- 
mometers are noted every ten minutes during 
the experiment, that in the exterior room being 
always known by comparing the mercurial and 
differential thernaom'eters of the interior rooni. 

The last ten minutes of time which is noted as 
finishing an experiment, is that to which its ter- 
mination approaches the nearest; the difference 
therefore from the exact time, cannot be more, 
but will generally be less than five minutes, whiiph 
is^ in many cases, as near perhaps as it can be 
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determined, and the greatest difference stated 
will not affect the mean of the results one per 
cent. 

The anthracite coal cannot be wholly consum- 
ed, even in the improved state of the store, the. 
upper chamber having been introduced after its 
first construction, to provide a space for the pur- 
pose of heating the air as much as possible be- 
fore coming ia contact with the burning body, 
by which the quantity remaining uuconsumed is 
reduced from two ounces to le^s than half au 
ounce. That portion which remains uuconsum- 
ed after an experiment, including the small par- 
ticles which drop through the apertures of the 
chambers into tlie ash pit, are washed upon a 
sieve to remove the ashes and any other foreign 
matter, and when thorouglily dried in a crucible, 
are weighed and deducted from the original 
weight 

In making up the results of experiments in 
which charcoal is used to ignite the body, from 
the resulting time is deducted so much as in 
known by previous experiment to have arisen 
from a portion of charcoal equal in weight to tliat 
used. Those bituminous coals which fuse and 
ciake in the process of coaking, are the most trou- 
blesome to manage in small quantities, from the 
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inconstant manner in which the bituminous part 
burns, and its tendency to become extinguished the 
moment that portion is consumed ; the combustion 
of the bitumen not producing the heat of ignition 
required by the cai'bouaceous part to continue the 
process of combustion, and the surface being par- 
tially covered witli the deposite from the pyrites, 
becomes more difficult to ignite, and requires to be 
broken asunder to present a fresh surface. To over- 
come this difficulty, it was found necessary to use 
the coal in very small pieces, and occasionally to take 
from the stove such parts as bad coaked, break them 
in pieces, and return them to the stove as required, 
which, when ignited, will burn permanently, and the 
heat required to coak the remaining part of the coal 
is thereby produced. During tedious experiments, 
the operator is sometimes under the necessity of 
passing from the interior to the exterior room, but if 
this is done with proper cay tion, the differential ther- 
mometer is never affected thereby. 

The animal heat imparted to the air of the room 
by the operator, must be noticed. This, under 
ordinary exertion of the muscles, being equal both 
in temperature and quantity, as determined by Dr. 
Crawford, and being the same during the period of 
each experiment, the resulte will not be affected 
thereby. 
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The accuracy with which the experiments have 
been performed, is a delicate subject for me to ejK- 
patiate upon, but I shall be permitted to say, that all 
means within my power have been used to render 
the results as accurate lAs the difficult nature of the 
subject will admit. These results will be found in ' 
the general table. 

From the diversity in these results, it is apparent^ 
that equal weights of different combustible bodies 
* vary materially in the quantity of heat disengaged 
in* their combustion. Thie woods differ less perhaps 
in eqtuU tveights than has been generally supposed, 
and that difference will be found to correspond 
very nearly with the different quantities of carbon 
they contain ; they are however of very different 
value in equeU quantities by measure^ in consequence 
of the great disparity in their weight. . This remark 
is also applicable to those coals which are sold by 
measure and not by weight, from which circum* 
stance, it becomes necessary to catUion those who * 
would attempt to ascertain the value of- different 
articles of fuel by merely comparing their different 
results of heat in the table, without regard to their 
different weights. The results being comparisons 
between articles in equal weights, cannot be com- 
pared with quantities by measure alone; hence the 
necessity of detennining the weights ol a given bnlk 
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of those articles sold in this manner, which will 
be found in the table in their respective columns, 
the manner of obtaining which will be hereafter 
detailed. The object of my experiments being 
practical utility, rather than scientific research, to 
facilitate the accomplishment of that desirable ob- 
ject, 1 have estimated the comparative values of the 
diiferent articles. These will be found in the last 
column of the table, and are equally applicable not 
only to every market, but for every change in the 
prices tliat can take place. 

The standard taken is shell-bark hickory, that 
being of g;reater weight than a cord of any other 
wood in the table, and disengaging in its combustion 
an equal quantity of heat from any given weight. 

The comparative numbers express the value of 
one cord of each of the woods, one ton of the an- 
thracite coals, and one himdred bushels of the bitu- 
minous coals, charcoal and coak,* and although no 
one market is supposed to furnish for fuel every kind 
of wood contained in the table, yet the principal 
part will probably be found, and in markets where 
the woods are much mixed, averages may easily 
be made adapted to those markets. The column 
of comparative values was found in the following 
mannpr. 

The value of a given quantity of fuel is directly 
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proportional to the time that a given weight of it 
maintained the air of the room at a given temperiEi- 
ture, and also to its weight. Hence assuming shell- 
bark hickory for a standard, since one pound of this 
wood maintained the air of the room at the given 
temperature 400 minutes, this being multiplied by 
4469, the weight of a cord of this wood, we obtain 
1787600 minutes as the time which the air of the 
room would have been maintained at the given 
temperature, by consuming one cord of this wood. 

We then have the following proportion. As the 
product in time corresponding to one cord of shell- 
bark hickwy, (1787600) is to its assumed value 
(100) so is the product of the weight of a given 
quantity of any other article into the time that one 
pound of it would maintain the air of the room at 
the given temperature, to the value of the given 
quantity of this article. 

Thus for a cord'of white ash wood: 

As 1787600 : 100 : : 3460 X 400 »« 138000000 : 77 

For a ton of Lehigh coal, of 2240 pounds : 

As 1787600 : 100 : : 2240x790 = 176960000 : 99 

For 100 bushels of cannel coal weighing 6525 
pounds: 

As 1787600 : 100 : : 6525x630=411075000 ;'230 

m 

A few examples will be sufficient to show the 
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fticility with which the comparisons may be made. 
For this purpose, we will assume the price of 
shell-bark hickory wood as at six dollars for a 
coi*d of 128 cubic feet, this being the average 
price in this market, and compare it with a cord 
of red heart hickoi*y. The comparative value of 
the former is 100, and of the latter 81. We then 
have the following statement. As 100: 600:: 
8 1 : 486. Four dollai-s and eighty-six cents being 
the comparative value of a cord of red-heart 
hickory, and the difference between the price of 
this wood and its comparative value thus ascer- 
tained, shows how much dearer or cheaper it is 
tiian the wood with which it has been compared. 
We will suppose the price of red-heart hickory 
to be 5.75 and that of chesnut white oak to be 5. 
dollars. Then 81 : 575 ; : 86 : 610, is the value 
of the latter, which being sold at 5 dollars, is 
cheaper by one dollar and ten cents, than the 
red-heart hickory. If we take the mean of the 
comparative numbers for the eleven different 
species of oaks, which is 69, and compare them 
at 5 dollars, with shell-bai'k hickory at 6 dollars, 
100 : 600 : : 69 : 414, is the average value of tliose 
oaks, and at tlie prices specified, the hickory is 
the cheapest by nearly one dollar. 

A mere examination of the comparatiye num- 
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bers, will show that a cord of M'hitc birch is ! 
pr. ct less in value than a cord of shetUbark 
hickory, aiid the diflereiice per cent, may Ik culca< 
lated fponi the comparative numbers between any 
two articles sold at the same price. 

We will now extend the comi>ari§on to some 
of the coals : and take for this ]mr|>osc one cord 
of shell-bark hickory, at six dollars, and deter- 
ntiue the comparative value of otic ton of Lehigh 
Coal. As luO : 600 : : '.'9 : 594, which shows thum 
to be of nearly the same value, sup)M>>ting each 
article to he consiiincd under tlie same circum- 
stances; hot as this is not the case, and as this 
objection lias bi'en frc({ueutly stated Ui me by 
those who have confounded two distinct subjects, 
a momentary digression will be excused, to show 
the futility and irrelevancy of this objection. It 
is admitted that there may be greater disparity 
between tho manner ot'consuming din'erent kinds 
of fuel, than actually cxist:^ in their comparative 
value as usually sold ; but this- ditterence doi 
not enhance or depress the value of the difteren 
articles, provided it is practicable to consiin 
them in the sapic manner, which, with very fei 
exceptions, may be done. The intrinsic value 
fd" the dillerent kinds of fuel, and the loss or gain 
experienced by the Uiifereiit constructions of the 
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apparatus used for their combustion, are distinct 
subjects of inquiiy, and ultliough both are neces- 
sary to be known, to effect anj valuable imppoT- 
ment in the selection of the one and the con- 
struction of the other, yet it does not follow as a 
consequence, because the construction of a grate 
used for the combustion of Lehigh coal, is more 
economical than an open fu-e-place, that, therefore, 
one ton of the coal possesses greater intrinsic 
Talue than one cord of shell-bark hickory wood, 
as it would be equiJIy relevant, to say, that the 
coal is intrinsically of less value, because the 
wood may be consumed in a sheet iron stove, 
which is a much more ecomical apparatus than 
the grate. 

We will resume the subject by comparing one 
ton of Lehigh coal, at seven dollars, with one 
hundred bushels of Newcastle coal, at thirty-five 
dollars, which are the present prices in this 
market. As 99 : 700 : : 198 : 1 iOO, from which, 
it appears that fifty bushels of this coal are pre- 
cisely equal in value to one ton of Lehigh coaJ, 
but as the Newcastle coal will cost seventeen 
dollars and fifty cents, and the Lehigh coal costs 
only seven dollars, the latter is the cheaper article 
of fuel by 150 per cent. 

If the value of a chaldron op bushel of the 
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bituminous coal is refjnired, the mamitir of ol»» ■ 
tainiug a solution of either question, is obvious. 

It will be apparent, that although shell-bark hicko- 
ry has been taken, for convenience, as the standard^ 
to construct the column of comparative values, the 
economist should take the cheapest article of fuel 
in the market, as his standard of comparison. 

. The experiments on the Lehigh, Schuylkill, Sus- 
quehanna, and Lackawasen coals were repeated a 
number of times in different quantities, but the 
results were found to be uniformly the same. Con- 
siderable difference was found in the results of pine 
charcoal, when taken promiscuously from different 
parcels as brought to market, in consequence of the 
imperfect manner in which the charring process had 
been conducted, but as these coals are sold by mea- 
sure, and not by weight, aud as the bulk is not ma- 
terially diminished in perfecting the process, the 
loss sustained from this circumstance being in part 
compensated by the heat disengaged in expelling 
the remaining inflammable matter, we may consider 
this defect, in ordinary cases, as unimportant; the 
result, however, is given for perfect charcoal. 

The coafc used to experiment upon was produced 
in the large way, and that which was most free 
from earthy, or other foreign matter, as well as most 
perfect in other respects, was selected. The heat 
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resulting from its combustion is less than was anti- 
cipated, anil shows that the. commonly received 
opinion that it contains as much carbonaceous mat- 
ter as charcoal, in equal weights, is erroneous, and 
what is still more erroneous, is, the opinion that any 
given quantity of coak, by measure, will in its com- 
bustion disengage as much heat as an equal quantity 
of the coal from which it is produced. One bushel 
of bituminous coal produces in retorts about one 
and a half bushels of coak, in consequence of swell- 
ing during the process, and yet its specific gravity 
is stated, in some tables, as nearly equal to that of 
the coal. 

The composition balls of Lehigh coal, charcoal 
and fire clay, were made for the purpose of ascer- 
taining whether a very economical fuel might not 
be formed of the culm or fine portions of the two 
former, by combining them with the latter article, 
as they possess very little value, the same practice 
having been adopted with considerable advantage in 
various parts of Europe. 

The fire produced by these balls was found to be 
very clean and beautiful in its appearance ; its supe- 
rior cleanliness is in consequence of the ashes being 
retained by the clay, and the balls were found to 
retain their original shape, after they were deprived 
of the combustible materials. The beauty of the 
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fire is enhanced by the shape and equality in the 
size of the balls, which, during the combustion, 
present uniform luminous faces. No difficulty was 
found in igniting or perfectly consuming the com- 
bustible materials of the balls, and the loss in heat, 
when compared with the combustion of the same 
quantity of each article, in their usual states of 
aggregation, was found to be only tlu-ee per cent. 

It is proper to state that .the experiments were 
made with articles of the best quality that could 
be procured, and as some slight difference may exist 
between wood of different ages, the medium sizes 
were selected. Those woods and coals which are 
peculiar to the New. England States, were obtained 
from thence. The Rhode-Island and Worcester 
coals were procured for mc by an obliging friend 
in Boston, who stated that the coals were selected 
with care, but, that the Worcester coal being a re- 
cent discovery, and the parcel sent having been taken 
from the surface of the bed, could not be considered 
as a fair sample of the coal which may be supposed 
to exist in lower strati. 

Many and insuperable difficulties presented them- 
selves, in attempting to asccrtiin by common methods 
the weight of dry wood in a cord of each kind. 
The plan adopted, and which appeared most likely 
to produce satisfactory results, was as follows. From 
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a pile of swamp white oak of medium size, which 
bad been cut the preceding winter, and weather 
S' asoned during the interval, (this being the state in 
which the largest portion of wood is sold.) a half 
cord, or sixty-four cubic feet, was accurately mea- 
sured, and its weight was found to be 1928 avoir- 
dupois pounds. From this half cord was taken a 
sufficient number of sticks of various sizes, to allow 
one piece to be sawn from each, twelve inches long, 
to produce g's part of the whole weight, which be- 
ing done, the pieces of wood were placed in a foot 
'^eorder" or space twelve inches square, made by 
nailing four pieces of board together at the ends ; 
but the wood not being found to fill it equally in 
the first instance, other pieces were substituted, of 
equal weight, until the interstices between the sticks 
presented a similar appearance to that of wood, as 
ordinarily piled up for sale. 

This parcel of wood was then perfectly dried in 
an oven, and its solid content ascertained by the 
quantity of water which it displaced. To perform 
this operation, a tin box was used, fifteen inches 
deep, and six inches wide at the open top, which 
was set into a large tin funnel, and the water dis- 
placed by the wood was conveyed by the latter into 
an earthern vessel placed underneath for its recep- 
tion. The pieces of wood were taken separately, 
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and into one end of each, a small awi Avas inserted 
a sufficient distnice to sustain the wcit^ht of the 
stick, and by which it could be accurately and ex- 
peditiously immersed in the water. As the surface 
of the wood could not be made impervious to wa- 
ter without a rhans^p in ik hulk, it became necessary 
to perform the operation with as much dexterity as 
possible ; the wood, however, being perfectly dry, 
its surface was covered with dust, which caused it 
to repel the water in the first instance, and I found 
it could be immersed steadily, and yet with such 
facility, as to be left nearly dry if shaken immedi- 
ately on being withdrawn from the water, and this 
was determined by the very slight addition which 
was found to have been made to its weight by the 
immersion. Vav this addition to the weight of the 
wood, the water used being at 55° Fahrenheit, a 
correction was made and added to the quantity of 
water displaced, although a partial compensation 
may be considered to have taken place, hy the ex- 
pansion produced in the wood, in consequence of 
the absorption of this portion of the water. 

The water displaced was measured in a deep 
narrow vessel, provided with a sliding scale, fitted 
to its interior, for the purpose, and found to be 965 
cubic inches, from which the quantity of plenum, 
or solid dry wood, in a cord taken under He cir- 
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cumstances described, was found to be 71^ cubic 
feet, leaving a deficiency for the interstices and 
diminution in volume by drying of 665 cubic feet. 
Thus, 

1 : 965 : : 128 : 123520, which -*- 1728=71 »j\\ culiic feel. 

The method taken, it is supposed, will give 
the average quantity of comhuslible vialter, in a 
cord of wood, as usually sold, it being impossible 
for me to give a scale adapted to every change 
in volume produced by the different degrees of 
huitiidity, of which the woods are susceptible. 

The solid content of a cord of wood being 
known, if the specific gravity of any wood is cor- 
rectly ascertained, its absolute weight may be 
determined thereby. 

The usual method of ascertaining the specific 
gravity of wood, as laid down in the boots, is 
manifestly incorrect, as the absorption of water, 
during its immersion, produces an enlargement 
in the magnitude of the body, not compensated 
for by adding to the water weight, if the body is 
lighter, (or deducting, if heavier than water,) the 
weight of water found to have been absorbed, 
and tliis absorption must constitute complete 
saturation before the water weight can be accu- 
rately ascertained, because during this process 
of absorption, tlie air beng constantly expelled 




from the body, part of it adheres to it in small 
globules, and renders it more liuoyant, in propor- 
tion as this bulk of air is lighter than the same 
butk of the body ; consequently, the body weighs 
less than it should do, and this cause of error 
cannot be counteracted by an attempt to weigh 
the body ^'■expeditiously,'''' as is recommended. 
During this necessary process of saturating the 
body with water, the wood increases in magni- 
tude, and its spccitic gravity will be found less 
than it should be ; and the diflereuce will be seea 
to be very cousiderubic, when it is stated that 
the specific gravity of a piece of dry wood, 
weighing in air 11.15 grains, was, by the common 
method found to he .556, and the same piece of 
wood being then dried with great care to its 
former weight, its specific gravity found by u 
process free from tliis objection, (hereafter to be 
described,) was .619, the dill'erence in which 
would be 282 lbs. in one cord of wood. 

The specific gravity of those bodies which do 
not change in their magniUide by the absorption 
of water, and wliich have no fissures, may he 
correctly obtained by the coniinun method, as 
the water absorbed is relained in the body, and 
can thereby bo ascertained, as it will be of tlie 
exact weight by which the water weight had been 
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increased or diminished in consequence of the 
expulsion of an equal bulk of air from the body. 

Our object in ascertaining the specific gravities 
of bodies, is to find the proportion of their weights 
under the same volume. Now, by the volume of 
a body, is to be understood the entire space enclos- 
ed within its exterior surface, including its pores 
and fissures. It is necessary, therefore, in de- 
termining the sp. gr. by the usual method of the 
hydrostatic balance, to use some means for pre- 
venting the water from insinuating itself into the 
pores and fissures of such bodies as are not of a 
perfectly compact texture. If the article em- 
ployed for this purpose be of a sp. gr. different 
from water, and if (as will almost always be the 
case) it protrude beyond the sm-face of the body 
so as to cnlai-ge the bulk, it will be necessary not 
only to know its weight in air, but its specific 
gravity; and even then it is difficult to make a 
satisfactory correction of the water weight, in con- 
sequence of the change which the article made 
use of may sustain in its specific gravity by pres- 
sure in applying it to the body, and also, from the 
different specific gravity of different parts of 
articles not exjiressly prepared for the purpose. 

As it was necessary for me to determine with 
great accuracy the specific gravities of dry wood, 
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charcoal, and the mineral coals, all of which 
absorb water and present more or less fissures, 
and as I wished to relieve myself from liability, 
to inaccuracies fj-om the sources which have 
been detailed, I iletermiacd to make a compound 
which should be convenient to use, and wliose 
specific gravity should be precisely (hat of water 
at 60'^ Fahrenheit. 

This was ellected with white wax and yellow 
rosin ; the specific gravity of the former was .967, 
and of the latter 1.079. The compoinid was of 
the best possible consistence, and whether com- 
pressed by mechanical means at a low tempera- 
ture, or expanded by the temperature of water at 
120°, it would in either case be unity when 
brought to the temperature of 60°, and the whole 
mass was perfectly uniform. 

The diificulty of producing this compound 
was much greater than had been anticipated, and 
will he appai'ent, when it is stated that the mass 
weighed at the commencement about two ounces, 
taken by arithmetical calculation in the propor- 
tions supposed to be necessary, which were 46 
grains of rosiii to 100 grains of wax, and although 
the smallest additions supposed necessary, were 
made at each time to this mass, from two other 
masses of the same articles compounded, whose 
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specific gravities were known to be about .995 
and i.OOd, the mass weighed when finished more 
than thirty ounces, and required seven days to 
accomplish the undertaking, and the proportions 
of the ingredients found to have been used, were 
about 22 grains of rosin to 100 grains of wax. 
Having had occasion to use some of tliis com- 
pound within a short time, I regret to say, that 
the lapse of two years since it was made, has 
produced a change in its specific gravity, it being 
now 1.004 in water at the temperature of 60"^ 
Fahrenheit. 

The pieces of wood being made positively dry, in 
the manner described for drying those experi- 
mented upon, they were covered with the com- 
pound described without regard to its weight, 
and their specific gravities being ascertained, 
the absolute weight of dry wood in a cord of each 
was found in tlic following manner, and will be 
seen in the table. 

The weight of a cubic foot of any substance, 
whose specific gravity is 1, is known to be very 
nearly 1000 ounces, or 62^ pounds avoirdupois. 
Hence, to find the weight of a cord of wood, or 
71^ cubic feet of plcnutu, of specific gravity I, 
(for example, shell-bark hickory) wc have only to 
miUtipIv 71.3 by 62.5 which gives us 4468.75. 
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Now, to find tlie weight of a cord of wood, of any 
other specific gravity) we say, As Tinity is to 
(4468.75) the weight of a coi-d at specific gravity 
1, 80 19 the given specific gravity, to the weiglit 
of a cord at tliat specific gi"avity. Thtis, for white 
ash; 1 : 4408.75 : : .772 : 3449.87 pounds. I n fact) 
we havQ, in any case, merely to midtiply 4168. 75 
by the specific gravity of any otiierwood, toobtain 
the weight of a cord of this wood, in pounds and 
decimal:^ nvoirduiioi!*. 

The (iiiantity of charcoal which can, by the 
best conducted process, be obtained from the 
diflbrent woods, was deemed an inquiry of cotisi- 
derabie importance, there being great discrepan- 
cies in the results of different experimenters on 
this subject, and from the vast importance and 
consumption of this article in the arts generally, 
and particularly in the process of smelting iron 
ore. For this pur|)oso all attempts hitherto made 
in this country to substitute anthracite wmls, have 
proved nugatory; and, as equally unsucceBsful 
results have attended the numerous and well 
conducted experiments, Mhicli have been mado 
in England, Ireland,' and Wales, to substitute 
anthracite coals for coak, in the same important 
process, it becomes a matter of national interest, 
that our forests, intended for this purpose; should 
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not be unnecessarily wasted by conducting the 
cban'ing process in an improper manoer, and 
tbis can only be ascertained by first knowing the 
positive quantity of carbon contained in the dif- 
ferent woods, from which we shall be able to 
determine whether any improvements can be 
made in the process^ 

Various methods have been adopted by dif- 
ferent experimenters on tliis subject; that most 
generally used appears to have been charring 
the woods in diy sand ; but I found this objec- 
tionable, as the finer portions of the sand were 
liable to enter the interior of the coal, if it had 
any fissures, and the weight of the product was 
too large, while on the other hand, the interstices 
between the particles of sand were found to admit 
sufficient air to consume part of tlie coal, and 
the product in consequence of this combustion 
was liable to be found too small. To obviate 
both these objections, pulverized charcoal, bnowa 
to have been perfectly charred and diy, was sub- 
stituted for sand, having ascertained that it could 
he almost entirely shaken out of the fissures in 
the coal, and that, shoidd any remain, the error 
would be immaterial. Tbe pieces of wood were 
closely packed in it, preserving an inch in thick- 
ness of powdered coal between the sides and hot* 
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torn of t]ie crucible and the wood, and about three 
inches of powdered coal on the top of the wood, 
the whole being covered by an inverted cruci- 
ble luted down. In thi§ latter cnicible only a 
small orifice was made, any air, tlippefoi-e, which 
should enter through the pores of the crucible or 
the aperture at top, would be decomposed before 
It could reach the wood in the interior, and the 
far which may be supposed to have existed be- 
tween the interstices of the powdered coal, or in 
the coal itself in the first instance would also be 
decomposed and rendered inert, before the wood 
could be charred. The whole of the woods, which 
had been previously filed into oblong solids, pre- 
senting sbnrp edges, to detect any loss by frac- 
ttire, each being designated by notation letters, 
made by incision, were thus surrounded and ex- 
posed in the first instance to a moderate heat in 
an air furnace, which was increased to a white 
heat, and so remained for about two hours, during 
which time :idditional quantities of powdered coal 
■were inti'oduccd throtigh the aperture at the top 
oFthe inverted crucible. 

The product of charcoal from the several 
woods obtained in this manner, will be found in 
the table. 

Among the many experiments made to discover 
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the best manner of ascertaining the weight of char- 
coal product from the different woods, and to satisfy 
myself whether any loss could take place in a solid 
piece of coal suiTounded by powdered charcoal, a 
piece of box wood coal without fissures was taken, 
weighing 23.7 grains, and after having been exposed 
to a white heat for three hours, was found to weigh 
33.1 grains; the loss of /a of a grain, was, however 
undoubtedly, produced by the air contained in the 
piece of coal, or conjointly with that in the intersti- 
ces between the powdered coal, contiguous to the 
piece when first ignited. 

A similai' experiment was made in clean dry 
white sand, upon a piece of maple coal without fis- 
sures, which had been previously exposed in pow- 
dered charcoal to a white heat, and known to he 
perfectly charred and dry. This piece of coal 
weighed 26 grains, and lost by the process 6 grains; 
the surface was found entirely changed from its 
original hard texture, having become soft, and the • 
colour was changed from slate to jet black, which is 
often found to be the case in charcoal obtained in 
the large way, and is always objectionable, as it pro- 
duces loss both to the collier and consumer. 

The charcoal produced by surrounding the wood 
with powdered coal was found of a slate colour on 
its surface, dense, sonorous, brittle and equal in all 
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respects to that made in cylinders or retorts for gun- 
powder, which is known to be much saperior even 
for common pm^oses to that produced by the ordi- 

, nary method, from its greater durability, although, 
for these purposes, no particular necessity exists 
that the pyroligneons aeid and tar should be per- 
fectly expelled. From the preceding experiment 
in sand, it occurred to me that an important im- 
provement might be made in the common process, 
by filling the interstices between tlie sticks of wood 
with the culm or fine coal left on the ground after 
the large coal lias been drawn from the pit, and by 
covering the wood more perfectly than is usually 
done. In this way we may more perfectly prevent 
the access of the air, which is not only destructive 
in many cases to a large portion of the coal, but also 
renders what remains, less valuable. 

That my remarks on this subject may not be 
considered entirely theoretical, it is proper in state, 

■ that an intelligent collier in New Jersey applied in 
a partial manner the plan proposed, and found the 
product to be about 10 per cent, more in quantity 
by measure, than he had ever before obtained from 
tlie same kind and quantity of wood, and I also 
found the coal when brought to market nearly 20 
per cent, heavier than usual.' As an evidence that 
the coal had been well charred; a circumstance too 
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often neglected, the hydrogen appeared to have been 
almost entirely expelled, and it lost very little in 
weight by exposing it to a red heat in powdered 
charcoal. 

The quality of this coal was considered by com- 
petent judges to be superior to any other ever offered 
in this market, and was as cleanly to handle as an- . 
thracite coals, and sold readily at an advanced pricie. 

From an examination made during the last sumr 
' mer, of the common manner of piling and covering 
wood which is to be converted into charcoal, the 
practice of piling it two and sometimes three tiers 
in height, appeared to be objectionable for two rea- 
sons; the first was, that the second and third tieiss 
cannot be so well defended from the air as the first, 
which rests upon the ground; this being a better 
baiTier against the air, than the ordinal^ covering 
can be made to present; and the second, that this 
disposition of the Wood is not favourable for pro- 
ducing the ignition of the whole mass at one and 
the same time, the usual practice being either to 
commence the ignition in- the centre of the upper 
tier, or, to drop the fire into a hole, or chimney, 
left in the centre of the pile which extends to the 
bottom, or ground; and by leaving air holes at the 
sides of the pit, (to use the language of the cdlliers,) 
the fire is said to be "drawn to the sides of the pit." 
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It is very true, that the fire docs eventually extend 
to the sides of the pit; hut a mueh more nnirorm 
and speedy process, and <ine hy which less loss would 
be sustaiued, would be to place the fire in the first 
instance in a number of holes at the sides, near the 
bottom, leaving an opening at the top hy which the 
heat generated at the side would he communicated 
to the wood in the interior, and facilitate the uni- 
form ignition of the whole mass; the moment this 
is effected, the holes at the sides should be closed, 
and that at the top might be lessened, but should not 
be wholly closed, until the extrication of hydrogen 
gas has nearly ceased, as this gas, from its prodigious 
expansion, sometimes bursts the pit; this generally 
occurs when the wood is well covered, and some- 
times produces very injurious effects, by firing the 
adjacent woods, (the column of flame having been 
known to extend from twenty to thirty feet,) and 
has probably led many colliers into the belief that 
the proper remedy is to give the wood a slight 
covering, by which numerous escapes are allowed 
for the gas ; but in effecting this object, as the holes 
at the sides are left open, a very strong current tak^s 
place through the pit by the sllghtness of the cover- 
ing, whilst another evil is produced, that of burning 
through the sides of the pit. 

In those instances where pits have been known 
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to burst, when well covered, the cause may probably 
be traced to the chimney at the top having been 
too soon closed, this being generally done in about 
fifteen minutes after lighting the fire ; and also to 
having left those at the sides open too long : as the 
gas will make its escape in some manner, this should 
be provided for, and this provision is as necessary to 
a coal pit, as is the safety valve to a steam boiler. 

Both the objections which have been made against 
piling the wood two or three tiers high, mery in part 
be remedied by changing the manner of igniting 
the wood in the way proposed, and if clay and sand 
can be procured, the former should be used as a 
covering, and the latter placed on the top, to fill the 
cracks as the clay dries, these should be preferred 
in all cases, and the evils may thus be lessened ; but 
undoubtedly, the best manner is to pile the wood 
in single lengths, and if the fine coal is used to fill 
the interstices, and can be made subservient in its 
combustion to produce the required heat, or any 
portion of that necessary to char the wood, that 
portion which can be so used is as effectual as the 
combustion of an equal portion of the charcoal. 
The process, when conducted in retorts, is similar to 
that of distillation, those portions of the wood which 
it is necessary to expel being volatile, no necesisty 
exists that any combustion should take place either in 
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the wood or coal ; yet this cannot be entirely pre- 
vented, in the common process, unless some means be 
devised to burn the hydrogen gas which escapes, and 
make it applicable to produce the heat necessary to 
char the wood as is done, when the process. is con- 
ducted in retorts. Th^ hard texture of the coal 
will be in proportion to the heat given to it and 
the perfect exqlusion. of ,the air; the advantage 
therefore of using clay will be obvious from its 
being a bad conductor of heat, and a good barrier 
to exclude the air. 

I have been informed by a gentleman well ac- 
quainted with the iron works in this state, that in 
consequence of the growth of the extensive forests 
belonging to the works, not being sufficiently rapid 
to^ furnish a constant supply of charcoal, many of 
them are obliged to suspend their operations, about 
three months in each year, by which very great loss 
is sustained* If an improven^ent can be made in 
the manner of producing the charcoal required, by 
which these works, and all others similarly situated 
shall be enabled, from their present forests,, to con- 
tinue their operations during the whole year without 
interruptioki, such an improvement must be consi- 
dered as important, not only to individuals, but to 
the community generally. . . 

A series of experiments was made on a large 
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number of woods, to determine the difference, if 
any existed, in the product of charcoal from green 
and dry wood ; and these being t^ken from the same 
sticks in equal weights when green^tibey would both 
contain thje same quantity of ligneousmatter. The 
product was not found to be essentially different, 
but, invariably, ralther larger from the dry than 
from the green wo6d; and the specific gravity of ttie 
former was also greater; I have no hesitation, hontr- 
ever, in saying that there will be less loss in .charring 
vVood in the large way by using dry wood, as it cjan 
be* ignited mOre equally, and with greater facility. 

It is my intention, so soon asi my other avocations 
will permit, to/ make«some further experiments in 
tt^\ charring process in the li^ge way, and to use 
tfaefine cpal as suggested, for whieh purpose a.num* 
ber of cords of wood have been cnt for a considera^ 
ble period of time. 

Dead wood v^as found to produce the same 

' * ' . 

quantity of charcoal as the same wood in a living 
state, and the limbs ^ trees {produced coal of much 
gilreater density than tiie trunk.^ : Among the most 
dense woods, stove dry ebony, sp. gr. 1.090, gaVe a 
product of charcoal from 100 parts of wood, of 
33.82, which is larger than was obtained from any 
other wood, apd its specific gravity was also greater, 
lidng 48S8 ; its fractijre so mueh rasembks thai of 
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some of the mineral coals, that it is difficult to sajf 
in what respects they differ. Stove dry live oak, 
sp. gr. .942, gave 32.43, sp. gr. .591. Tortoise-shell 
wood,sp. gr. 1.212, gave 30.31, sp. gr. .866. Cocoa, 
sp. gr. I.a31, gave 28.53, sp. gr. .742. Turkey 
box, sp. gr. .933, gave 27. 24, sp, gr. .622. 

A piece of box wood polished, lost very little of 
its lustre by charring in powdered coal, and the 
beautiful variations in the grain of the wood were 
as apparent in thi; cnal as in the wood; this experi- 
ment therefore may he considered as conclusive, as 
to tiie complete exclusion of air by this prnees-s. 

It does not appear from the products of charcoal 
fro^n the different woods, that their density or du- 
rability is to be attributed to the quantity of carbon 
they contain. As the woods diffi;r materially in 
the quantity of charcoal product by measure, it ap- 
peared necessary to give tiit- product from a cord of 
each in bushels, aud as the value of these can only 
be determined by their weight, this also was ascer- 
tained, and both will he found in the table. 

The bushel generally usf d in this country contains 
2150.4 cubic inches, but as coals are sold by what 
is termed " rounded measure, " or partially heaped, it 
became necessary to ascertain the cubical content 
of a b'idy of cal thus measured. For this purpose 
one bushel of cliarcoal was made perfectly dry, anil 
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the mean specific graWtv of a lar^e number of 
pieces was found to be .285, and tlie weight oi" 
the bushel of coal was fifteen pounds avoirdupois, 
or 105000 grains, and the absolute weigUt of a 
cubic foot of coal whose specific gravity is .285, 
is 124687 grains, and a cubic foot being 1728 
cubic inches, then we have the following state- 
ment: As 124687 : 1728 : : 105000 : 1455 solid 
inches of coal in the bushel, which being known, 
the absolute weight of a bushel of each of the 
coals was calculated from their specific gravities, 
in the following manner. 

The weight of a cubic foot, or 1728 cubic 
inches of any substance, whose specific gravity 
is I, being 1000 ouuces, consequently the weight 
in ounces of a bushel containing 1455 cubic 
inches of any substance, of the same specific 
gravity, will be found by the fn^owing propor- 



As 1728: 1000:: 1455: 842=52.62 pounds. 

Now, to find the weight of a hushel of a sub- 
stance of any other specific gravitj', we say ; As 
unity is to (52.6/) the weight of a bushel at spe- 
cific gravity i, so is the given specific graVity,"to 
the weight of a bushel at that specific gravity. 
Thus for white ash charcoal, we have, As 
4 : 52.62 : : .547 : 28.78 pounds. 
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From a number of comparisons, made by actiml 
measurement, of diflereut mineral coals, it is be- 
lieved tlic weiglits expressed in tho table will be 
found sufficiently correct in every instance. 

The hydrostatic balance made use of to ascer- 
tain tlie specific gravities of the diflereut bodies 
expressed in the table, is sensibly affected by -^ 
part of a grain, when not loaded, and the weights 
were made to twentieth parts of a grain in every 
instance. 

* From experiments made to ascertain the 
weight of moisture absorbed by the different 
woods, which had previously been made perfect- 
ly dry, and aftcrwm'ds exposed in a room in which 
no fire was made during a period of twelve 
months, the average absorption by weight, for 
this perioil, was found to be 10 per cent, in forty 
six different woods, and 8 per cent, in the driest 
states of the atmosphere, and an unexpected 
cmncidcnce was found to exist in the weight ab- 
sorbed by forty-six pieces of cliarcoal made from 
the same kiniii« of wood, and simdaiiy exposed, 
the latter being also 8 percent. 

The quantity of moisture absorbed by the 
woods individually, was not found to diminish 
with their increase in density; whilst it was found 
that the green woods, in drying, uniformly lost 



v^ 



mOM WOOD AND GOAIi. 63 

less in weight inr piH>portion to their greater 
density. Hiekory wood taken green, and made 
absoluteLj dry, experienced a diminution in iti^ 
weight of 3 7 1" per cent., white oak, 41 per cent, 
and soft maple, 48 per cent.; a (5ord of the latter 
wiU therefore weigh nearly twice as much when 

K we assume the mean quantity of. moisture 
in the* woods, wheif green, as 42 per cent., the 
great disadvantage of attempting to burn wood 
in this state must be obvious, aa in every 100 
pounds of this compound of wood and water, 42 
pounds of aqueous matter mUst be expelled from 
the wood, and as the capacity of water for absorb- 
ing heat is nearly as 4 to 1, when compared with ' 
air, and probably grejater during its ^ conversion 
into vapour, which must be effected before it can 
es(^ape, the loss of ^heat must consequently be 
veiy great. ^ 

* ■ 

The necessity of speaking thus theoretically 
on this point, is regretted; but, it will be apparent) 
that this question of loss cannot be solv6d by my 
apparatus, as the vapour would be condensed dn 
the pipe of the stove, and the heat wottld'thereby 
be imparted to the room,'whic]ji, iinder ordinary 
circumstances^ escapes into the' chimney. . 

The average weight of moisture in different 
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woods which have been weather seasoned from 
eight to twelve months, will not be found to vary 
-materially from 25 per cent, of their weight; 
every economist, therefore, will see the propriety 
of keeping his wood under cover in all cases 
where tliis is practicable. 

NumpTOiis experiments have been made to 
determine the law which obtains in the cooling 
of hented bodies. My apparatus although*itdoes 
hot admit of making experiments on this subject 
at high teni peratures, yet it appears in one respect 
better ad!i])ti'd foi- the purpose than any other 
which has, to my knowledge, been made use of; 
because wc arc enabled by it to maintain both 
the heated body and the refi'ige raring medium 
at the same difference of temperature, for a suffi- 
cient period of time, to determine the question 
with accurticy. My experiments consisted in 
maintaining the temperature of the interior room 
10°, 20°, 30°, and 40° above the temperature of 
the exterior room for the same period of time, 
and the quantity of fuel requii-ed was found to 
be directly proportional to the increased diffe- 
rence in temperature. These results are in 
agreement witl^ the assumption of Newton, 
the gcoraetricid law of Richmaun, and corre- 
spond also at these diOerences of temperature 
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with the experiments of JMM. Duiong and Petit, 
althougli the latter gentlemen found vei'y dif- 
ferent results at higher temperatures. 

The usual method which has been adopted to 
determine this question, hy finding the period 
wliich fluids, when heated, require to cool tlirough 
a given nnnilier of degrees in different parts of 
the-scale of a thermometer, appears liable to some 
objections, which it becomes me, however, to 
notice with deference. The shape or size of the 
containing vessel is not, perhaps, material, but 
as spheres have been most generally used, my 
remarks will be confined to that shape. 

We will, for illustration, assume the contain- 
ing vessel to be the bulb of a thermometer two 
inches in diameter, and fdled witli mercui^. 
This we will suppose to be heated to 300° of 
Fahrenheit, and placed in vacuo, in which case 
it is said to lose its heat by radiation only. Now, 
as the stratum of mercury in contact with the 
bulb, parts with its heat, it contracts and occu- 
pies less space in the bulb, which causes a por- 
tion of that within the tube to sink into the bulb 
in order to supply the deficiency. This exterior 
stratum must then be supposed, from its loss of 
lieat, to have acquired greater density, and to 
leave the sides of the bulb; hence, mofiort in the- 
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fluid commeuces, aud in proportion to its heat 
will be its mobility, and consequently, tbe velo- 
city with which the change ■will he made, and as 
the strata lessen in volume as they approach the 
centre of the bulb, their heat must either be 
transmitted tlirougli the exterior intervening 
strata, or he subject to the necessary delay in 
coming in contact with the bulb, in consequence 
of the decreasing velocity with which the changes 
are made ; and, in cither case, the cooling process 
will be retarded. If we suppose the fluid, under 
the circumstances described, incapable of loco- 
motion, it will not be dettied tliat the interior 
strata will require more time to impart the same 
heat, than the exterior, consequently, proportional 
to the cooling of the body must be the increased 
time required lo deprive it of any given number 
of degrees. 

Experiments upon this subject would be much 
more satisfactory, and would probably give dif- 
ferent results fi-om those hitherto obtained at 
high temperatures, hy using an appiiratus which 
should admit of maintaining the heat at tixed 
points upon the scale of the thermometer; in 
which case, motion in the fluid would he imma- 
terial, and an equally heated surface would always 
he cxitosed to the refrigerating medium. 
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WHITU ASH, 

APPLE THEE, 

WHITE BEECH. 

BLACK BIRCH, 

WHITE BIRCH, 

BUTTEK-NUT, 

ilED CEDAR, 

AMERICAN CHK8NUT, . . . 

WILD CUERKY, 

DOG WOOD 

WIIITB BLM, 

BOUR GUM, 

8WEET GUM 

3HBLL.BAIIK HICKORY, . . . 

PIGNUT HICKOIIV, 

RED-HEART HICKORV. . . . 

WITCH-HAZEL, 

AMERICAN IIOLLV. 

AMERICAN HORNBEAM, . . 
MOUNTAIN LAUREL, .... 

HARD MAPLE, 

SOFT MAI'LB. 

LARGE MAGNOLIA, 

CHE8NUT WHITE OAK, , . 

WHITE OAK 

SHELX^BAIIK WHITE OAK, 

BAKREN SCKUII OAK 

PIN OAK 

SCIIUB BLACK OAK 

RED OAK, 

BAKKKN OAK, 

ROCK CHESNUT OAK 

YELLOW OAK, 

SPANISH OAK, 

PEH8IH0N, 




Fraxima americaaa, . . . ■ 

Pynu HMfui, 

Fogut (yfiKilrit, ...... 

Betula lenla, 

aemla pepuU/olia, 

Juglant caShartiea, 

Juiupenit idrginiana, . . , , 

Ctnmt virgiiuana, 

Camu* farida, , 

XHnHu americana, 

Ayfta tslvatiea, , 

Liquiilambar ttyrac^/lua, , 
Jugiant tquamoaaf ..... 
JuglttHt percina, ..... i 
Juglani taciniata ? . . . . ■ 
Banamclii mr^nicUf . . . . 

ikj' opaca, 

Carpinut amrricma, . . . . 

Kabiua tati/oUa, 

^cer •accbarinwn, 

Actr ruiram, 

Magnolia graniHJtora, . . . 
Quernii prinif paluilrii, , 

f/ufrcui alia, 

Quepcut obluiilaba^ . . . 

Qiiercui paluBlrii, 

Qiirrcui bamiteri, 

OuerciM femiginea, . , , 
Querciw prinut mertUcala, . . 

qutrcvi falcata, 

Dinpyrtt virginiana, . . . 
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ye;llow pine, (soft,) 

jersey pine, 

pitch pine, 

white pine, 

yellow poplar, 

lombardy poplar, , 

sassafras, 

wild service, 

sycamore 

black walnut, 

swamp whortle.berry, . . 



LEHIGH COAL, 

LACA WAXEN COAL, 

RHODE-ISLAND COAL» 

SCHUYLKILL COAL, 

SUSQUEHANNA COAL 

SWATARA COAL, 

WORCESTER COAL, 

CANNEL COAL» 

LIVERPOOL COAL, 



IHnut mUUf • . • < 
Pinut inop», .... 
Ptnuirtgida^ . . . 
Pinus ttrobua^ . . 
Lyriodendrm tuUjdfenh 
Popuhu dUatatOf . 
Laurut tattufrm, . 
Aroma arborea, . . 
Acer paeudO'pUUaniUt 
Juglana mgrOf . . • 
Vacdnium carymbotutih 
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NEWCASTLE COAL, 



SCOTCH COAL 

KARTHAUS COAL, . . . 
RICHMOND COAL, . . . 
STONY CREEK COAL» . 
HICKORY CHARCOAL, 
MAPLE CHARCOAL, . , 
OAK CHARCOAL, . . . 
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kind of fuel had maintained the same difference 
of temperature in using appai'atus No. 9, in the 
former state of the room ; a correction having 
been made for the slight increase in its size, in 
consequence of the alteration which has been 
described. The fuel used in all the experiments 
was shell-bark hickory wood, of the same quality, 
and absolutely dry. 

It had been apprehended that considerable 
difficulty would he experienced in producing the 
required equality in the temperature of the inte- 
rior room, from the absence of proper means, in 
some of the apparatus experimented upon, to 
regulate the combustion ; but from very few 
trials with each, it was found less diflicult than 
had been anticipated, and that the difficulty could 
be entirely avoided by making the quantity of 
fuel administered to the fire, the regulator of the 
rapidity and extent of combustion necessary to 
he produced, which was effected by using the 
wood in small pieces. 

The results have been thrown into a tabular 
form, and exhibit, as before stated, the compa- 
rison of each apparatus with No. 9, in which it 
is assumed that no loss of heat is sustained, this 
assumption being necessary, for the purpose of 
de,termining the comparative ioss of heat sustain- 
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ed by each apparatus, which is the olrject of tUo 
experiments. 

The manner of obtaining the results in time, 
baviugbeen stated, itis evident, that, as the same 
quantity ot'fuel was consumed in every experi- 
ment, the same quantity of heat must consequent- 
ly have been generated. In all the experiments, 
(except the standard experiment No. 9,) we find 
that part of tlie beat escaped by the pipe or flue 
of the grate and fire-place into the chimney, and 
was lost, and proportional to this loss must have 
been the qnarttity of tlie fuel required to be con- 
sumed in a given time, to maintain the tempe- 
rature of the room, and, consequently, the dura- 
tion of each experiment was proportionally 
aflccted thereby. The numbers, therefore, which 
express the duration of each experiment, are pro- 
portional to tlie heat sared, and assuming the 
positive quantity of heat generated as lOO, tlits 
being the result of apparatus No. 9, if the time 
occupied in any other experiment is deducted 
from too, the remainder gives the positive loss 
sustained in evei-y hundred parts of heat gene- 
rated by using this apparatus, and thence we de- 
termine that in using No. i, as only 10 parts in 
every hundred parts of heat generated are saved, 
we coosequeatly lose 90 per cent 
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As the important difference which exists in the 
quantity of fuel required to be consumed in dif- 
ferent apparatus to produce the same effect, might 
not in all instances be obvious by a cursory inspec- 
tion of the numbers in the first column of the table, 
the second column of numbers has been inserted to 
facilitate these comparisons, and the great disparity 
in the quantity of fuel required to produce the same 
effect in No. 1. and No. 2, may at first view, appear 
paradoxical^ if compared with the quantity of heat 
saved by each, from 100 parts generated, as only 8 
parts more heat are saved by No. 2, than is saved 
by No. 1, and yet the positive saving, in fuel by 
using No. 2, is nearly 45 per cent. 

To find the numbers in the second column, we 
assume the fuel used in all the experiments as 1 00 ; 
and for the facility of comparison, we vrill say that 
this quantity of fuel maintained the temperature of 
the room 100 minutes when consumed in apparatus 
No. 9. In experiment No. 1, we find this quantity 
of fuel maintains the temperature of the room only 
10 minutes, and consequently, that it would require 
10 times as much fuel as apparatus No. 9, (or 1000,) 
to maintain the room at the same temperature for 
100 minutes. In the same manner the other num- 
bers are found. 

The proportion for the experiments vrill be clearly 
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explained in the foUowing manner : As the time of 
the experiment is to the quantity of fuel consumed, 
so is the assumed time of comparison, to the fuel 
that would be required for that time. Thus for 
experiment No 2: As 18 : 100 : : 100 : 555. 

By an examination of the numbers in the second 
column of the table, it will be atsen that one dollar 
expended in fuel consumed in apparatus No. 9, is as 
effective as ten dollars expended in the same kind 
of fuel consumed in No. 1, the same quantity of 
heat being imparted to tho room in both cases. The 
comparison may be extended in the same manner 
between any two experiments inserted in the fable, 
and the figures in the second column will be found 
to express the relative value of fuel for each appara- 
tus, in dollars and cents, by adding a decimal point 
at the left hand of the two last figures. 

Experiments No. 6, 7, and 8, were made with 
the same stove for the purpose of determining the 
difference in the loss of heat by different construc- 
tions and positions of pipe of the same length, which 
in all other respects were similar. From these ex- 
periments it will be seen, that the same length of 
pipe in elbow joints is much more efficacious in 
imparting heat to the room than straight pipe, and 
as the length of pipe producing a descending current, 
was nearly equal in experiments No. 6 and No. 8, 
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Ihe great advantage which has been supposed to he 
derived from the descending current, does qjit ap- 
pear to exist, although it is undoubtedly more effi- 
cacious than the same length and position of pipe 
producing an ascending current, as the velocity of 
the current in the former is diminished by the 
increased resistance which must necessarily he over- 
come in its descent, while the latter gives greats- 
facility for the heated air to escape, than is given by 
any other position in which the pipe can be placed. 
Experiment No. 7 shows that pipe placed horizon- 
tally is more -eiTicaeious in imparting heat, thaa 
when placed in a vertical position either for an as- 
cending or descending current. 

The causes which operate to render the same 
length of pipe in elbow joints more efficacious than 
any other construction, may be satisfactorily ex- 
plained. The shape of the pipe forces the current 
of heated air to make abrupt turns, in doing which 
it impinges against the elbows with sufficient force 
■ to invert its internal arrangement, by which change 
from its former relative situation with the sides of 
the pipe, a new stratum of hot air from the interior 
of the current, is brought more frequently in con- 
tact with the sides of the pipe, which facilitates the 
process of imparting heat, particularly by being 
ferought in contact with the lower half of the hori- 



zontal part of the pipe, which, from various causes, 
is necessarily the cohk'st, and is of very little ser- 
vice in imparting heat to the room without the aid 
of elhow joints. 

From experiment No. 8, an important inference 
may lie drawn ; that the advantage gained under 
ordinary circumstances, by increasing the length of 
the pipe, has a limit very far short of that which is 
found to be necessary to impart uti the heat gene- 
rated to the air of the room, as in this experiment, 
only five parts of the heat were lost in using 13^ 
feet of pipe, consisting of nine elbow joi nts ; whereas, 
in apparatus No. 9, eight additional elbow joints, 
with sixteen and a half feet of tttraight pipe, amount- 
ing together to 28^ feet of pipe, were required to 
save these five parts of the heat which would other- 
wise have escaped into the chimney. The reason 
for this limitation will appear evident, by rellecting 
that a heated body loses less in equal periods of time, 
as its temperature approaches that of the surround- 
ing refrigerating medium, and that the loss of heat 
will be in the proportion which the volume of air 
in the pipe bears to the volume of air in tlie room; 
and, also, proportional to their difference of tem- 
perature. 

It must not however, be inferred from this ex- 
periment, that 134 fret of pipe of any diameter, and 
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thickness of iron, made into elbow joints, will pro- 
duce the same effect ; as the length will require to 
be increased with the increase in its diameter, and 
this will appear obvious, from the fact, that the 
surface of the pipe does not increase in the ratio of 
its area or content of heated air, and as this surface 
is the medium by which the heat is imparted to 
the room, and tlat being effected principally by the 
contact of the heated air with the sides of the pipe, 
greater length will he required to produce this 
necessary contact. 

The great advantage of sheet iron stoves, is obvious, 
from the slight obstruction which they present to 
the rapid communication of the heat generated, to 
the air of the room. 

From experiment No. '2, the advantage gained by 
lessening the current of air into the chimney is 
clearly demonsti-ated ; this being the principal cause 
wliy this apparatus is more efficacious in warming 
the room than No, 1 ; and this advantage does not 
arise so much from the excess of heat which enters 
the room by using No. 2, as from the diminished 
quantity of cold air necessary to be admitted to 
supply the place of the air that has been keatedj 
and of which, by using No. 1. the room is constantly 
deprived in much larger volume than by No. 3, 
The advantage derived from using stove pipe of 
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small diameter, arises from the same cause, and 
whether the velocity of tlie current of heated air 
is diminished by the construction, position, or length 
of the pipe, or its volume is diminished hy reducing 
the diameter, the same effect is produced in every 



I am not in possession of the results of any experi- 
ments, if such have ever been made, to determine 
the ratio of friction experienced by air, when com- 
pared with water, in its passage through pipes, under 
the same pressure. That air does, how ever, expe- 
rience a diminution in its velocity from this cause, 
will not, it is supposed, be doubted, and this must 
very materially affect the current of air, through 
pipes and chimneys. 

In practical hydraulics, it is well known, that, 
without altering the column of pressure, the quan- 
tity of water discharged is greatly diminished, hy 
merely lengthening the conduit-pipe. "Comparing 
the experiments on the flow of water through con- 
doit-pipes, as recited in Bossuet's Hydrodynnmique, 
I find, after making the proper reductions, that the 
velocity of projection from the bottom of a cistern, 
is diminished about five times in the passage through 
an horizontal tube of one inch in diameter, and 
fifteen feet long. Consequently, while one part of 
the actuating force is discharged from the orifice. 



FROM DIFFERENT APPARATUS. 85 

m 

twenty-four parts are consumed in gliding against 
the sides of the pipe. Every particle contained 
must hence have repeated its contact no less than 
tyrenty-four times, before it made its escape ; that 
is, the vf hole column of fluid must have inverted 
its internal arrangement at each interval of 7^ 
inches."* 

The principal article of fuel used in the United 
States, is forest veood, which, from necessity, or 
choice, vnU continue to be so in many sections of 

the country, notwithstanding the abundant supply 

of anthracite and bituminous coals already disco-^ 
vered in some of the States. 

The difficulty of consuming small qqantities of 
anthracite coal in open grates, must operate to prevent 
its general introduction into use, unless this difficulty 
ckn be removed; any suggestions, therefore, which 
may possibly tend to lessen this objection to an »- 
tide of such vast importance to the community, 
will not be considered irrelevant to my subject. ' 

It is very well known, that no particular difficulty 
is experienced, under ordinary circumstances, in 
consuming small quantities of this coal in sheet iron 
cylinder stoves lined vnth fire brick; and it is as 
well known, that an equally small quantity of this 
Goal cannot be consumed in an open grat^. The 

"^Leslie on Heat, 308. 
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inference, therefore, which should be drawn froiw 
the knowledge of these facts, is, that the open grate 
is an apparatus not properly constructed to obtain 
the desired objeet, independent of the deleterious 
gas which it impairs to the room. The question 
which then preseut-* itself, Is, what are the qualities 
possessed by the former apparatus io which the lat- 
ter is deficient ? 

In the former, the coal is known to be completely 
surrounded by a thick substance, which, when heat- 
ed, retains its heat with gn-at tenacity. The air 
admitted is in small quantity, and, from the con- 
struction of the stove, it is necessarily considerably 
elevated in its temperature, before it comes in con- 
tact with the burning body. We infer from these 
facts, that anthracite coal requires a very high tem- 
perature to produce ignition, and, as we know that 
combustion cannot take place without this preretiui- 
site, the necessary means to effect it, are, consequently, 
indispensable. We also infer, that the commonly 
received opinion, that this coal requires a very large 
quantity of air, or "strong draught," to carry on its 
combustion, is not correct ; the converse of this 
opinion being nearer the truth ; and this may in 
part be demonstrated by an examination of a single 
piece of this coal wliich has been ignited. If we 
break the piece of coal, the interior will present its 



original blaek colour and lustre, with the excep- 
tion of an inconsiderable portion near the surface ; 
the body of the coal being auiticiently dense to 
exclude the access of air, no conibustioa of its 
interior can take place, and, consequeatly, the 
quantity of air necessary to be admitted to the 
coals, is nearly proportional to their aurfaces,hnt 
not in proportion to their positive quantity, as 
would be nearer the case, if this article were as 
pervious to air as charcoal. Any excess of aii', 
therefore, is injurious in proportion us the quan- 
tity exceeds that which can uuite with what is 
termed the combustible or base, inasmuch as it 
tends to reduce its temperature, and thereby 
renders it less capable of rapid union with the 
air, to produce the coiobustion ; and as each suc- 
cessive portion of air in excess robs the combus- 
tible ofits heat, we see the fire languish for ashort 
period, and then expire. , 

Although atmospheric air is generally neces- 
sary to support combustion, an excess of it, it is 
well known, will, in some cases, extinguish a 
bm*ning body, as expeditiously as water; and 
from this circumstance it may be infeiTed, that 
for ignition, the air requires to be heated as well 
as the combustible body. We may also infer, 
that tlie intensity of heat produced by the union 
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of ibe two bodies will be proportional to the ex- 
cess with wbicb their united lieats exceed their 
mean beat of ignition. 

Having hud occasion, during the past winter, 
to warDi two warehouses, of diflerciit sizes, and 
it being necessary that the teinpcritturc should 
be permanent during the night season, two cylin- 
der sheet iron stoves, of ordinary construction, 
and of different sizes, lined with tire hrtclf, were 
procui-ed, which were supplied with Lchigli coal. 
The coiistruction'of the stoves beiiij^ favoura- 
ble to apply ou a large scale what 1 had found so 
advantageous in my experiment stove, there be- 
ing considerable space between the grate and tlie 
bottom of tlie ash pan, this space was converted 
into a reservoir for heating the air, by closing the 
apertures usually made for its admission in the 
front of the ash pan. During the igniling pro- 
cess, the aah pan wias drawn out, hut when this 
was cfiected, it was closed as perfectly as its con- 
struction would adtnit, leaving only the small 
crevices at its junction with the body of the stove 
for the admision of air, and although the largest 
stove usually contained more than half a bushel 
of caol, this supply of air was found sufficient ibr 
producing intense combustion, and the (]uantity 
of coal remaining on the grate unconsunxed, was 
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founfl to be much less than wlieii the stove was 
supplied with a larger quiintitj of air: a very itn- 
portHnt saviiij^ was thus mude in the heat, by 
diminisliing the quantity and the velocity with 
which the current of heated air passed into the 
chimney. Very important improvements may 
be made in the construction of sheet iron stoves, 
for burning anthracite coal, and if provision is 
made for supplying the burning body with in- 
tensely healed air, any required quantity of coal 
may be consumpd, and the present: manner of 
lining them with thick brick may be entirely 
dispensed with, by substituting either thin titles, 
or a thin coating of clay lute, sufficient to preserve 
the iron from fusion or oxidation, and as this 
would present less obstruction to the speedy 
communication of the heat generated to the air 
of the room, consequently less would escape into 
the chimney. 

In exanJining the construction of the open 
parlour grate, we do not find ni it one entire 
quality possessed by the close stove ; the only 
one which bears any approach to similarity, is 
that thi-ee sides of the grate are lined with fire 
brick, but as the fourth is almost wholly exposed, 
its utility is thereby defeated. 

It is adiaitted that the combustion is very per- 
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feet and rapid, whcu tlie sheet iron door, or 
" blower,^^ as it ie technically termed, is applied 
tb close the t'runt of the (^^rute ; and this must be 
a necessary consequence, as its application trans- 
forms the open ^rate into a powerful air furnace, 
by which the space for the admission of air is 
very much reduced, and tlie air is probably, re- 
duced in quantity, this not bein^ compensated 
by its increased velocity, and as the blower de- 
fends the body of coal in front from the cold air, 
to which it was before exposed, the required ele- 
vation in temperature is eflected and maintained 
without difficulty. 

It is only by radiation that any heat is impart- 
ed to the room from coal consumed in open grates, 
and as the radiated heat is known to he very small 
from the siu-face of that portion of coal which is 
exposed to the front or open psirt of the grate, 
the amount of heat imparted to the room would 
not probably be diminished, hut ratbei" increased, 
by usinj^athin plate of cast iron for the front of 
the grate, by whicli the difliculty of consuming 
small quantities of coal would be very much di- 
minislicd; and this would not be less agreeable 
in its appearance than the equally sombre aspect 
presented by the unignited coal in the front of 
the generality of small grates, and particularly as 
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the top of tlie coal would be exposed to view, and 
present a more luminous appearance. 

Altliougli iron is a good coudnctor of lieat, the 
plate suggested would become sufficiently heated 
to maintuia the temperature of the coal necessa- 
ry to carry on the combustion of the surface 
exposed to it, with the exception of the points ac- 
tually in contact with it, which would be unim- 
portant ; and this beiug the case, its conducting 
power would, in other respects, be obviously ad- 
Tantageons, ami no dungei- of uxelting the iron, 
in this situation, need be apprehended. If, how- 
ever, danger from melting or oxidation of the 
iron is feared, as a flat plate of iron could not be 
permanently covered with any composition of 
clay, it should be made circular, and defended at 
the top and bottom by a flange projecting on the 
inside, the required thickness of the clay. la 
addition to the plate suggested to cover the front 
of the grate, a gtiU further improvement might 
be made by enclosing the ash pit also, both of 
which might be done with one plate of u"on, and 
the grate for sustaining the coal might rest upon. 
cleats projecting from the interior, taking care to 
B give sufficient room for the expansion of the grate, 

m ."to prevent the plate being pressed outwai-ds. A 
¥ door for the removal of ashes and the admission 
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of air wouM be required, hy which the neceaaary 
' quantity of tiir could be admitted without an ex- 
ss. This construction wonid also be favourable 
for heating the air which is to supply the com* • 
biistible body, the advantage of which must be 
[ obvious, when we reflect on the oecessity of 
■ eooling the burning budy as little as possible. 
By the greater expansion of the air, the quantity 
which comes in conlact with the hurning body 
would he less in excess, at any one time, and 
better adapted to attain the object; the contact 
being more frequent, from its increased velocity, 
the quantity actustlly united in any given time, 
would probably be greater, and more heat would 
eonsequcntlv be produced. This construction, 
bedsides the advantages already stated, would be 
more cleanly than the open grate, would not re- 
quire the blower, and could also be made use of 
for culinary pur]io»es, which is a very desirable 
object to be attained. 

'I'he construction of many grates is very objec- 
tionable, in an important particular not yet no- 
ticed, which is, making the receptacle for the 
coal of greater length' than it has breadth or 
' depth, hy which the body of coal is not as much 
heated, and requires to be replenished more fre- 
quently to maintain the relative positiou of the 
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^al, necessary to continue the combustion. A 
much better shape, and which would require 
less coal at any one time, would be in the pro- 
portioDS of twelve inches deep, to eight inches 
squai'e at the top, and <;radually diminished to 
six inches at the bottom, by which the heat ge- 
nerated in the combustion of the coal at the lower 
part of the grate, in its passage to escape into 
the chimney, would come in contact with nearly 
tlie whole hody of coal, and keep it heated, which 
cannot 1><» the caso in the furmer shape, suppos- 
ing the content of the two grates, and the coal 
in each to be -etiual ; and if we suppose them to 
be only halfjillcd with coal, the position of that 
in the deep grate, although less in quantity, will 
be very favourable for combustion, while that in 
the shallow grate, from the nufavourable situa- 
tion in which it is placed, would scarcely burn 
at all. The advantage of placing the body of 
coal in a deep grate, as described, may he illus- 
trated by the well known fact, tliat a stick of wood 
burns much more rapidly in a vertical, than in a 
horizontal position, and for the reason ah'eadj 
assigned. 

Being well aware of the strong predilection ia 
favour of those constructions which will permit 
the bunking body to be seen, which, with other 
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reasons, prevents the use of close stoves in many 
instances, and particularly where elej^ance is re- 
quired, the necessity ia apparent, that some new 
constniction should lie devised, which can be sub- 
stituted for the open grate, and which will obviate 
the difficulty, not only of consuming anthracite coal 
in small quantities, for rooms of smail dimensions, 
but, the still greater objection jsjenerally -iiade t" its 
use, that the quantity cannot be varied to meet the 
changes in the temperature of the atmosphere. 

In the plan which I will vontwre id suggest, a 
partial compromise must be made in the first par- 
ticular stated, but all the others may, be realized. 

In those instances where simplicity of construction 
is required, take a cylinder, or rather, an inverted 
conical frustum, of cast iron, of any required thick- 
ness and diameter, and of sufficient height to form 
the receptacle for the coal and ashes; insert a grate 
at a sufficient height from the bottom to leave the 
required room for the ash pit, which should be pro- 
vided with a door to remove the asbes and uncon- 
aumed coal, as is usual in close stoves, and, also, to 
regulate the admission of air, which may be heated 
as in those stoves. This cylinder may be bricked 
in the ordinary manner on the outside; and this can 
be done with greater facility than for tbe grate, and 
the cylinder will remain more penuaueatly fixed, as 
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it will rest on the hearth. From the satisfactory 
espenmenls which have heen made in double cylin- 
der stows, in which the interior cylinder is made of 
cast iron, without any ctiating of clay, it is not pro- 
bable that this construction would require it. In 
those instances in which beauty of construction 
must be consulted, the ornamental parts or appen- 
dages to the open grate may bt^ added; the only 
change suggested, hi-ng the substitution of a cylin- 
der, or other more desirable shape, of cast iron, in 

place of the open ;_'!ate. 

Having sufficiently, and, perhaps, tediously expa- . 
tiated upon the particular circumstances necessary 
to be attended to, in the cons ruction of any appa- 
ratus intended for the combustion of anthracite coal, 
in small quantities; those whose business it is to 
construct such articles, will apply any suggestions 
which may be considered as valuable. 

Before closing my paper I cannot forbear making 
a few desultory remarks; and, first, on the common- 
ly received opinion, that the " draught " of a chimney, 
or, more properly, the current of air through it, has 
greater velocity under one deiiree of a ospheric 
pressure than under another, and that this is the 
cause why a combustible body burns better at one 
time than at another. 

That the velocity of the current cannot he greater 
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under one degree of atmospheric pressure than nil' 
der another, emlens jmrifms, may be satisfacturiljr 
shown, by supposing a room, with one window open, 
and in which ther^ is a fire-place and chimney, and, 
that the teuiperature of the air in the room, and 
that within the chimney, is the same as the tempe- 
rature of the atmosphere ; in this case no current of 
air would be found to pass either up or down the 
chimney, because the pressure of the column of air 
in the room would be counterhalanced by Uie equal 
pressure of the column of nir within the chimney, 
and, consequently, both must remain stationary. If 
the temperature of the air within the chinmey be 
elevated by any means, it expands, and becctmes spe- 
cifically lighter, and an ascending current will be 
produced; but if the same elevation of temperature 
remain, and we suppose any change, however great, 
in the pressure of the atmosphere, still as that change 
must, of necessity, operate on both columns of air, 
the velocity of the current must consequently re- 
main the same. The current of air through a 
chimney, being wholly an artificial production, its 
velocity will always be proportional to the elevation 
of its lemperalure above that of the exterior air, 
the column of air in the chimney being thereby ren- 
dered lighter than the exterior column, yields to its 
superior pressure, and thua the current is established. 
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If the air in the room is wanner than that in the 
chimney, a descending current will he prnduced; ■ 
which shows the propriety of closing, during the 
winter season, those fire-places not used, to prevent 
the descent of cold air and smoke from the adjoin- 
ing flues ; and the advantage of leaving them open 
during the hot season, when tbe exterior air is known 
to be at a lower temperature than that oi the roonM 
in which they are situated. 

In a chimney which is in use, and properly sup- 
plied with air, the exiGteuce of couiiler currents, 
spoken of hy some writers on this subject, appears 
to he an illusion, produced by eddies in the air, at • 
the sides of the chimney, as it enters from the room ; 
and it would be difficult to assign any satisfactory 
cause for such an effect under the circumstance , 
described. 

In tight rooms, where fire-places axe left open, ' 
and are not in use, counter currents will exist, so 
long as difference in temperature exists between 
the air of the room and the external atmosphere. 

In those instances where the room is too tight to 
admit air in sufficient quantity to supply the current 
necessary to take off the amoke, a descending current 
is produced, and, as a necessary consequence the 
smoke is driven into the room. The passage of the 
external air through the sm^Ul crevices »f the room, 
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is not only diminished by the increased friction 
which it sustains in passing through a large number 
of crevices, instead of one only of equal capacity, but 
the pressure necessary to the ascent of the smoke is 
absolutely prevented from exerting its full influence 
in raising tlie column of air witliin the chimney. 
If we open a window, the air within the chimney, 
which before was the heavier column, will become 
the lighter, and consequently the current will be 
inverted, and .the evil thereby instantly corrected. 

It is not my intention to notice the various causes 
which operate to produce what are termed "bad 
draughts" to chimneys ; there is one however of 
considerable importance, which will be noticed. 
Chimneys which are new, are found very frequent- 
ly, if not invariably, to smoke, when an attempt is 
made to use them before they become perfectly dry. 
This being attributed to their bad constniction, al- 
terations are in many cases made, without knowing 
the true cause of the evil, wliieh will generally be 
found to be entirely owing to the chimneys not being 
dry. The materials of which they are composed 
being damp, they are consequently good conductors 
of heat, and unless very large fires are made, it is 
difficult to elevate the temperature of the air, 
throughout the chimney, sufficiently, to produce an * 
ascending current ; but when the chimney has be- 
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come dry, and is covered with carbonaceous matter, 
it presents a bad conducting surface, and, if then 
found to smoke, it may be attributed to its bad con- 
struction, for which however, no necessity exists in 
any case, save that the highly important class of a»- 
tisans, who wield the trowel, have, too generally, 
disregarded science in their craft 

A sufficient quantity of air must be admitted 
into every room to supply the demands of respira- 
tion and combustion, but any excess is injurious; 
The usual manner of admitting air for these pur- 
poses, through the joints or crevices of the doors, 
windows, and other parts of the room, appears very 
objectionable, as the cold air, thus admitted, is very 
annoying in its passage to the fire-place, particularly 
to those seated near the doors or windows. Now, 
these inconveniences may be entirely avoided, and 
all parts of the room rendered equally comfortable^ 
by furnishing it, as is now done in some instances, 
vnth a supply-pipe, near the fire-place, for the ad- 
mission of air. In this pipe there should l)e a valve, 
to regulate the quantity of air admitted, by this 
means the pressure of the external air, at the joints, 
or crevices, may not only be wholly taken off, but 
an outward current produced, through the crevices, 
at the higher parts of the room. 

The objection which has been made to this man- 
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ner of admitting the air, that it does not change 
tlie air in the room sufficiently for respirationf 
appears to be gratuitous, and has heen disproved 
by experience, in rooms of ordinary size, when 
not unusually crowded. 

An additional improvement, to obviate the in- 
convenience experienced in over-heated or crowd- 
ed rooms, would be to furnish a ventilator in the 
chimney, near the ceiling; but the most rational 
plan, in these casee, would be to remove the 
caase, by diminishnig the fii-e. 

Having shown very clearly, during the pre- 
ceding remarks, that the reason why tlie pro- 
cesB of combustion is better at one time than at 
another, cannot be owing to any change in the 
velocity of the current within a chimney, in con- 
sequence of changes in the pressure of the atmo- 
sphere, it becomes obligatory on me, as an 
objector to this opinion, to assign a more satis- 
factory cause. 

The fact is admitted, that combustible bodies 
generally bum better, when the barometer is at 
30, than when it is at 28 inches, other circum- 
staiices being similar. The canse of this, appears 
to be, that the air is tlien generally drier, and 
better adapted to produce rapid combustion, 
hftTing less aqueous vapour mechanically mixed 
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with it. Now, moist air retards combustion, and 
cools the burning body, more than dry air, be- 
cause it possesses a greater capacity for heat, and, 
consequently, requires more from the burning 
body to raise its temperature to the point of 
ignition. In chimney fire-places, it is generally 
observed, that wood fires burn most rapidly in 
cold weather; and, even while the air of the 
room is quite cold, they are known to burn very 
well. This fact will probably be urged, to dis- 
prove the necessity of heating the air, to produce 
more complete combustion in anthracite coal. 
It should be recollected, however, that wood 
ignites at a much lower temperature, and, that 
in very cold weather, a much larger quantity is 
required to be in combustion at one time, than 
in moderate weather; and, consequently, that 
the air within a few feet of the fire, and before it 
Gomes in contact with it, is more heated than it 
is at the same distance in moderate weatlxer, 
when less fire is required. 

The intense heat produced by an air furnace, 
does not appear to be in consequence of an in- 
crease in the volume of air, as those furnaces 
which are said to have the strongest "draught," 
will be found to have the most contracted throats. 
But, by thus contracting the throat, the friction 
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of the air is Increased, and its velocity being also 
increased, the sound which is said to denote a 
strong "draught," follows, as a necessary conse- 
quence. The air being very much expanded 
from its increase in temperature, and its rapid 
escape in large volume, being prevented by the 
contraction of the throat, the contact with the 
combustible is not only prolonged, but the real 
quantity in contact, at any one time, may be sup- 
posed to be considerably diminished ; yet, this 
contact being more frctjueut and rapid, the union 
is more perlect, and, consequently, more intense 
heat is produced. 

The superior light of Argand's lamp, is, pro- 
bably, in consequence of surrounding the burner 
with a glass chimney, by which the current of 
air is considerably elevated in its temperatui'e, 
and the volume admitted is diminished, and not 
increased, as is generally supposed. Whether 
its increased velocity through the chimney is 
advantageous in the process of combustion, when 
abstractly considered, may be questionable ; but 
it is evidently advantageous in dissipating the 
products of combustion, or ratlier, imperfect com- 
bustion, which would otherwise remain longer in 
contact with the flame. If the chimney be i-e- 
mored from the bui'ner, the flame will be increas- 
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ed to double its former length, yet the light will 
be pale, and the quantity emitted much lessened. 
When the burner is surrounded by the glass 
chimney, if the wick remain at the same height, 
the strength of light required can be better regu- 
lated by the quantity of air admitted, than in any 
other manner ; and for this purpose, these lamps 
should be furnished with delicate valves : and 
it will be found that the most intense light will 
not be produced, when the largest quantity of air 
is admitted. 

The advantage of elevating the temperature 
of the air, is demonstrated by the increased in- 
tensity of light, which is produced by the button 
sometimes used in these lamps. 



TaUe exhibiting the rendts of experimmti made to deiermine the cam^ 
paraHve loss of heat sustained by using apparatus of different con- 
structions^ for the combustion of fuel. 
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No. 1. CHIMNEY FIHE-PLACE, of ordinary 
construction, for burning^ wood, . . 

2. OPEN PART.OUK GKATE, of ordinary 

construction, for burnings anthracite 
coal, 

3. OPEN FKANKLIN STOVE, with one 

elbow joint, and 5 feet of six inch pipe 
placed vertically, the fire-place being 
closed with a fire-board, .... 



4. CAST IRON TEN PLATE STOVK^ 

with one elbow joint, and five feet of 
four inch pipe, placed horizontally, 
entering the fire-board, .... 

5. SHEET IRON CYLINDER STOVE, 

the interior surface coated with clay 
lute, with one elbow joint, and 5 feet 
of two inch pipe, placed horizontally, 
entering the fire-board, 



6. SHEET IRON CYLINDER STOVE, as 
before described, with IJ^ feet of two 
inch pipe, in which there were 3 elbow 
joints, the whole placed as follows : 3^ 
feet horizontally, 5 feet vertically, for 
an ascending current, and 5 feet verti- 
cally, for a descending current, enter- 
ing the fire-board, 
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7. SHEET IRON CYLINDER STOVE, as 
before described, with 13 j^ feet of two 
inch pipe, in which there were 3 elbow 
joints, placed as follows : nine inches 
▼erticaUv, and 12| feet horizontally, en 
tering the fire-board, 



8. SHEET IRON CYLINDER STOVE, as 

before described, with nine elbow 
joints, measuring 13^ feet of two inch 
pipe, entering the fire-board, . . 

9. SHEET IRON CYLINDER STOVE, as 

before described, with 42 feet of two 
inch pipe, as used in the course of ex. 
periments on fuel, 
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